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ABSTRACT 

Wild juvenile coho salmon were coded-wire tagged and returning adults were 
enumerated and sampled in three stream systems in Southeast Alaska in order to 
estimate total escapement, fishery contribution, removal rates, migratory 
patterns, age structure and survival rates. The systems included the Berners 
River located along Lynn Canal north of Juneau, Ford Arm Lake on the outer coast 
of Chichagof Island north of Sitka, and Hugh Smith Lake on the mainland southeast 
of Ketchikan. Total smolt migrations were estimated at Hugh Smith Lake (1983-90) 
and the Berners River (1989-90). Returning adults to all three systems were 
sampled in the fisheries and escapements for coded-wire tags. The escapements, 
fishery contributions, harvest rates, removal rates by fishery, survival rates 
and the spatial and temporal distributions of the harvest were estimated for the 
three stocks. The primary purpose of the program was to index fishery harvest 
rates and patterns and, over the longer term, to determine the effect of 
escapement and other factors on adult production. Estimated average harvest 
rates for the three indicator stocks by the Alaska troll fishery during the 
period 1982-90 showed a stable trend, with a low of 38.1% in 1988, and a peak of 
55.0% in 1989. The average harvest rate estimate for the Alaska troll fishery 
by stock was 47.5% for the Berners River, 52.3% for Ford Arm Lake and 36.4% for 
Hugh Smith Lake. The average for all stocks and all years was 44.9%. Total 
harvest rates by all gear types varied substantially among the stocks. The 
Berners River stock, which is exposed to the Lynn Canal drift gill net fishery, 
was harvested at an estimated average rate of 75.3% (range 61.9-92.9%) . The 
troll and drift gill net fisheries had approximately the same impact on that 
stock with average removal rates of 0.480 and 0.513, respectively. The Ford Arm 
Lake stock which is harvested primarily by the troll fishery, was harvested at 
an estimated average rate of 55.8% (range 43.6-69.1%) . The Hugh Smith Lake stock 
was harvested by several fisheries at an estimated average total harvest rate of 
66.2%. The estimated harvest rate for the Hugh Smith Lake stock increased from 
an average rate of 61.8% (range 52.3-66.5%) during 1982-1988 to 82.1% in 1989 and 
81.1% in 1990. During 1980-89, juvenile coho salmon tagged in the Berners River 
in late June returned to the fisheries and escapement at an estimated average 
rate of 5.3% (range 2.9-8.8%) . Ford Arm Lake juveniles tagged in July and August 
survived at an estimated average rate of 9.5% (range 6.0-14.4%). Smolts that 
migrated from Hugh Smith Lake survived at an estimated average rate of 10.7% 
(range 4.2-19.1%) . Smolts that migrated from the Berners River in 1989 survived 
at an estimated rate of 19.8%. At Hugh Smith Lake, five years of age -1 coho 
salmon escapements ranging from 903 to 2,144 produced a narrow range of estimated 
smolt migrations (23,480-29,548). No relationship between escapement and smolt 
production was evident from this limited data. Recent results continue to 
support earlier conclusions about the relative stability of coho production from 
some lake systems and the important effect of marine survival rates on adult 
production. Determination of spawner-recruit relationships for the Hugh Smith 
Lake stock and the other indicator stocks will require several more years of 
production estimates from a broader range of escapements. 

KEY WORDS: Coho salmon, coded-wire tag, indicator stock, migration patterns, 
migratory timing, harvest rate, Southeast Alaska'. 



INTRODUCTION 

The coho salmon (Oncorhynchus kisutch) is an important species to commercial, 
sport and subsistence fisheries in Southeast Alaska. During 1981-1990, the 
annual commercial catch averaged 2,100,000 fish and ranged from 1,100,000- 
3,300,000 fish. Commercial fisheries have accounted for the vast majority of the 
total harvest, while sport and subsistence fisheries have taken only about 3%. 

The majority of the coho salmon harvested in Southeast Alaska are produced in 
over 2,000 local streams. Important contributions are also made by the Canadian 
portions of three major transboundary rivers (Stikine, Taku and Alsek) and by 
streams along the British Columbia coast. Management of fisheries for coho 
salmon in Southeast Alaska is complicated by the scattered distribution of the 
resource and highly mixed-stock nature of most of the fisheries. Effective 
management requires an understanding of the migratory characteristics, status, 
productivity, harvest rates and contribution to the fisheries of stocks or groups 
of stocks. 

In order to better understand the migratory nature of wild coho salmon stocks and 
the effects of the fisheries, a juvenile and smolt marking program was initiated 
in 1972. In the early studies, fish were marked with fluorescent pigment (Gray 
et al. 1978), while coded-wire tagging equipment was employed in more recent 
studies beginning in 1976. To date, wild coho salmon have been marked in 24 
systems throughout the main part of Southeast Alaska and five systems near 
Yakutat. Earlier studies focused on characterizing the rates and time-area 
distributions of the harvest of stocks from different areas of the region (Shaul 
et al. In Press). As more of this type of information has become available, 
program emphasis has shifted to long-term research on selected "indicator 
stocks". In addition to providing additional information on harvest rates and 
patterns, these ongoing studies are directed at providing data on population 
dynamics that are expected to be useful in establishing objective escapement 
goals and developing models to predict abundance. Established wild stock 
indicator systems since 1982 include the Berners River and Auke Creek north of 
Juneau, Ford Arm Lake on the outer coast, and Hugh Smith Lake south of Ketchikan 
(Figure 1). 

This report includes a summary and analysis of tag release and recovery data for 
three primary wild Southeast Alaska coho salmon stocks under study by the ADFLG, 
Commercial Fisheries Division, during the period from 1 July 1986 - 30 June 1991. 
These include the Berners River, Ford Arm Lake and Hugh Smith Lake. For 
comparison, data from prior years is included for those systems for which it is 
available. Studies at Auke Creek were funded jointly by the ADF&G, Division of 
Sport Fish, and the National Marine Fisheries Service. Reports for the Auke 
Creek project are published in the ADFLG, ~ivision of Sport Fish's Fishery Data 
Series. 

SMOLT AND PRESMOLT TAGGING 

Migrating coho salmon smolts were tagged annually at Hugh Smith Lake during 1982- 
91 and at the Berners River during 1989-91. Presmolt coho salmon were also 



t agged  a t  t h e  Berners  River s p o r a d i c a l l y  from 1972-77, d u r i n g  1980-81 and during 
1983-1988. Presmolts  w e r e  tagged a t  Ford A r m  Lake i n  1980-81 and 1983-90. The 
m a j o r i t y  of s u r v i v i n g  f i s h  t h a t  were tagged a s  age-1 r e a r i n g  j u v e n i l e s  w e r e  
expec ted  t o  r e t u r n  a s  a d u l t s  two yea r s  l a t e r ,  while  t h o s e  tagged  a s  ou tmig ra t i ng  
smol t s  were expec ted  t o  r e t u r n  t o  t h e  f i s h e r i e s  and spawning grounds a f t e r  on ly  
one yea r  a t  s e a .  

Methods and Procedures 

Migrat ing smol t s  w e r e  cap tured  f o r  t agg ing  a t  Hugh Smith Lake and t h e  Berners  
River .  A smolt  w e i r  was i n s t a l l e d  a t  t h e  o u t l e t  of Hugh Smith Lake, whi le  smol t s  
i n  t h e  Berners  River  w e r e  cap tured  a t  beaver  dams us ing  t rough  t r a p s  of t h e  
des ign  desc r ibed  by E l l i o t t  and Kuntz (1988) . Wire-mesh minnow t r a p s  b a i t e d  with 
salmon roe  were used t o  cap tu re  age-l+ and o l d e r  j uven i l e s  a t  Ford A r m  Lake and 
t h e  Berners  River .  F i f t y  t r a p s  were set and checked f o u r  t i m e s  d a i l y  a t  two-hour 
i n t e r v a l s  under normal water cond i t i ons .  Up t o  100 t r a p s  were set and checked 
twice d a i l y  under c o l d  water cond i t i ons  (less than  11' C) when f i s h  were less 
a c t i v e .  Traps were moved f r equen t ly  t o  maintain t h e  h ighes t  p o s s i b l e  c a t c h  
r a t e s .  J u v e n i l e s  were h e l d  i n  pens be fo re  t agg ing  u n t i l  a  t o t a l  of 1,000 t o  
4,000 was cap tured ,  but  not  f o r  a  pe r iod  longer  than  t h r e e  days .  Gray and 
Mar r io t t  (1986) d e s c r i b e  t h e  minnow t r a p p i n g  method i n  d e t a i l .  Outmigrat ing 
smol t s  were tagged and r e l e a s e d  d a i l y .  A d e s c r i p t i o n  of t h e  coded-wire t agg ing  
technique  under f i e l d  cond i t i ons  i s  found i n  Koerner (1977) .  

A t  t h e  Hugh Smith Lake and t h e  Berners River ,  a  t a r g e t  of 600 and 850 samples,  
r e s p e c t i v e l y ,  was taken  f o r  age and l eng th .  Ten pe rcen t  of t h e  d a i l y  c a t c h  was 
sampled up t o  a  d a i l y  maximum of 50 f i s h .  Five t o  t e n  s c a l e s  were t aken  from t h e  
l e f t  s i d e  of t h e  f i s h  approximately two rows above t h e  l a t e r a l  l i n e  a long  a  
d i agona l  downward from t h e  p o s t e r i o r  i n s e r t i o n  of t h e  d o r s a l  f i n  t o  t h e  a n t e r i o r  
i n s e r t i o n  of t h e  a n a l  f i n  (INPFC 1963) .  The s c a l e s  w e r e  removed wi th  a  s u r g i c a l  
s c a l p e l  and d i s t r i b u t e d  s e p a r a t e l y  ac ros s  one of f o u r  quad ran t s  on a  g l a s s  
microscope s l i d e .  Samples from f o u r  f i s h  were p l aced  on each s l i d e  which was 
l a b e l e d  with numbers and corresponding l eng ths  on t h e  f r o s t e d  end.  When a  s l i d e  
was f u l l ,  another  s l i d e  was f a s t ened  over  it with c l e a r  t a p e  t o  p r o t e c t  t h e  
s c a l e s .  A l l  smol t s  t h a t  were sampled f o r  s c a l e s  were measured from snout  t o  f o r k  
t o  t h e  n e a r e s t  m i l l i m e t e r .  

During May-June 1989-1991, minnow t r a p s  w e r e  used t o  cap tu re  a  mix ture  of smol t s  
and r e a r i n g  juven i l e s  a t  t h e  Berners River .  In  1989 and 1991, an e f f o r t  was made 
t o  s e g r e g a t e  f i s h  i n t o  t h e s e  c l a s s i f i c a t i o n s  based on t h e  presence  of smolt  
c h a r a c t e r i s t i c s  ( s i l v e r y  appearance and darkened f i n s ) .  F i s h  t h a t  had d e f i n i t e  
smolt  c h a r a c t e r i s t i c s  were tagged with a  s e p a r a t e  code than  f i s h  t h a t  had 
f e a t u r e s  t y p i c a l  of r e a r i n g  f i s h  o r  were impossible  t o  c l a s s i f y  o b j e c t i v e l y .  
There was a  g r e a t  d e a l  of unce r t a in ty  i n  c l a s s i f y i n g  many of t h e s e  f i s h .  

Resul t s  

Tag r e l e a s e s  a t  t h e  t h r e e  si tes a r e  l i s t e d  by year ,  t a g  code and c l a s s i f i c a t i o n  
(smolt ,  presmolt  o r  mixed) i n  Tables 1-3. 



B e r n e r s  River S m o l t s  and P r e s m o l t s  

During 1972-1988, presmolt  coho salmon i n  t h e  lower Berners  River  were cap tu red  
f o r  t agg ing  du r ing  11 yea r s  (Table 1) . The t o t a l  number tagged  ranged from 7,826 
i n  1981 t o  15,326 i n  1984 and averaged 10,372. These f i s h  w e r e  c ap tu red  i n  l a t e  
June and were expected t o  remain i n  f reshwater  f o r  an a d d i t i o n a l  11 months b e f o r e  
mig ra t i ng  t o  s e a .  Two trough t r a p s  employed on a  beaver  pond i n  May through 
e a r l y  June 1989 were used t o  ca t ch  6,438 smolts  f o r  t agg ing .  Two t rough  t r a p s  
w e r e  i n s t a l l e d  on a  second pond du r ing  t h e  fo l lowing  season, r e s u l t i n g  i n  a  t o t a l  
t rough  t r a p  c a t c h  of 23,598 smol t s  i n  1990 and 21,456 smol t s  i n  1991. Minnow 
t r a p s  were used i n  a d d i t i o n  t o  t rough t r a p s  t o  cap tu re  a  mix ture  of smol t s  and 
r e a r i n g  juven i l e s  i nc lud ing  5,660 i n  1989, 2,781 i n  1990 and 3,669 i n  1991. A 

t o t a l  of 1 ,021  f i s h  i n  1989 and 1 , 4 1 4  f i s h  i n  1991 t h a t  w e r e  c ap tu red  i n  minnow 
t r a p s  were i d e n t i f i e d  a s  smolts  based on c o l o r a t i o n ,  and they  were tagged  with 
a  s e p a r a t e  code. 

F o r d  A m  L a k e  P r e s m o l t s  

The number of p resmol t s  tagged a t  Ford A r m  Lake i n  J u l y  and August ranged from 
3,882 (1983) t o  12,567 (1988) with an average of 8,828 (Table  2 )  . Numbers tagged  
g e n e r a l l y  i nc reased  i n  l a t e r  yea r s  with a  range of 9,506-12,567 (average  10,774) 
du r ing  1986-1991. The l eng th  of t agging  t r i p s  remained s t e a d y  a t  12 days .  The 
i n c r e a s e  i n  t h e  number tagged probably r e f l e c t s  i nc reased  exper ience ,  a b i l i t y  and 
e f f o r t  of t h e  t agg ing  crew. F i s h  were captured  from t h r e e  pr imary l o c a t i o n s  
i nc lud ing :  (1) s h o r e l i n e  and shallow o f f sho re  a r e a s  of t h e  l ake ,  (2 )  t h e  o u t l e t  
s t ream, and ( 3 )  a  small  pond near  t h e  no r th  end of t h e  l a k e .  

Hugh S m i t h  L a k e  S m o l t s  

Minnow t r a p p i n g  e f f o r t s  i n  1980 and 1981 r e s u l t e d  i n  t agg ing  of 5,345 presmol t s  
and 3,737 presmolts ,  r e s p e c t i v e l y .  During 1981-1991, a  smolt  w e i r  a t  t h e  o u t l e t  
of Hugh Smith Lake was opera ted  from m i d - ~ p r i l  through l a t e  May o r  e a r l y  June.  
The number of smolts  marked va r i ed  s u b s t a n t i a l l y  from 2,777 i n  1981 t o  16,747 i n  
1984 (Table 3 ) .  The numbers cap tured  f o r  t agging  appeared t o  be r e l a t e d  i n  p a r t  
t o  how w e l l  t h e  w e i r  was s e a l e d  along t h e  s t ream bottom. S u b s t a n t i a l  e f f o r t s  by 
scuba d i v e r s  a t  removing logs  and o t h e r  d e b r i s  from t h e  bottom appear  t o  have 
been r e spons ib l e  f o r  cap tu re  e f f i c i e n c i e s  of over  50% i n  1983 and 1984. However, 
d i v e r s  were unava i l ab l e  f o r  such work i n  l a t e r  yea r s  and t h e  e f f i c i e n c y  of t h e  
w e i r  d e c l i n e d  t o  on ly  1 4 %  i n  1987 before  i n c r e a s i n g  aga in  t o  27% i n  1989 and 34% 
i n  1990. The i n c r e a s e  a f t e r  1987 has  l i k e l y  r e s u l t e d  from i n s t a l l a t i o n  of a  new, 
b e t t e r - f i t t i n g  w e i r ,  i n c r ea sed  e f f o r t s  t o  s e a l  t h e  w e i r ,  and measures t o  
d i scourage  use of t h e  w e i r  s i t e  by r i v e r  o t t e r s .  The f a c t  t h a t  a  seemingly w e l l -  
s e a l e d  w e i r  appears  t o  be s o  i n e f f e c t i v e  a t  c ap tu r ing  smol t s  a l s o  r a i s e s  t h e  
p o s s i b i l i t y  of a  s e p a r a t e  migra t ion  of f r y  o r  smol t s  from t h e  system d u r i n g  some 
t i m e  p e r i o d  between e a r l y  June and mid-April when t h e  w e i r  i s  not  i n  o p e r a t i o n .  



ADULT TAG RETURNS 

Methods and Procedures 

Tag Recovery from Fisheries 

Marine f i s h e r i e s  i n  Southeast  Alaska and no r the rn  B r i t i s h  Columbia were sampled 
f o r  coded-wire t a g s .  Commercial c a t ch  sampling f o r  coded-wire tagged  coho salmon 
i n  Southeas t  Alaska was conducted by ADF&G sampling personnel  s t a t i o n e d  a t  f i s h  
p roces so r s  and buying s t a t i o n s  l o c a t e d  throughout  t h e  reg ion .  The samplers  
watched f o r  ad ipose  c l i p p e d  coho salmon du r ing  of f - load ing  and s o r t i n g  
o p e r a t i o n s .  Sk ippers  of f i s h i n g  v e s s e l s  and t e n d e r s  were in t e rv i ewed  t o  
determine f i s h i n g  d i s t r i c t s  (Appendix B .  1) . The heads of a l l  ad ipose  f in -c l ipped  
f i s h  were s e n t  t o  t h e  ADF&G Coded-wire Tag Lab i n  Juneau f o r  removal and decoding 
of t a g s .  Areas used i n  expanding random recove r i e s  from t h e  t r o l l  f i s h e r y  w e r e  
f o u r  quadran ts  (Appendix B.2) ,  while  r ecove r i e s  from n e t  and t r a p  f i s h e r i e s  were 
expanded by d i s t r i c t .  T i m e  s t r a t a  used f o r  expanding n e t  and t r a p  r e c o v e r i e s  
were s t a t i s t i c a l  weeks (Appendix B.3) ,  while  t r o l l  f i s h e r y  samples were expanded 
over  t h e  t o t a l  c a t c h  f o r  open pe r iods  (between c l o s u r e s ) .  Except ions were t h a t  
t r o l l  r ecove r i e s  w e r e  expanded by s t a t i s t i c a l  week-quadrant f o r  a n a l y s i s  of 
migra tory  t im ing  and period-PMFC a rea  f o r  a n a l y s i s  of h a r v e s t  d i s t r i b u t i o n .  
Randomly recovered t a g s  were expanded by t h e  i n v e r s e  of t h e  p ropor t i on  of t h e  
c a t c h  t h a t  was sampled wi th in  a r ea ,  gea r  t ype  and weekly o r  p e r i o d  s t r a t a ,  while  
ad jus tments  w e r e  made t o  account f o r  l o s t  samples (Clark and Bernard 1 9 8 7 ) .  An 
adjustment  f o r  l o s t  samples was made by mu l t i p ly ing  expansions by t h e  i n v e r s e  of 
t h e  p ropor t i on  of heads and t a g s  l o s t .  

The ADF&G Spor t  F i sh  Div is ion  conducted a c r e e l  census and survey  of t h e  Juneau 
and Ketchikan marine r e c r e a t i o n a l  f i s h e r i e s  (Suchanek and Bingham 1991) .  Tags 
recovered from random samples were expanded over  biweekly s t r a t a  t h a t  con ta ined  
a d d i t i o n a l  s t r a t i f i c a t i o n s  i nc lud ing  weekdays, mornings v s .  a f t e rnoons ,  and low 
use v s .  heavy use  docks.  

Sampling of B r i t i s h  Columbia c o a s t a l  f i s h e r i e s  and r e p o r t i n g  of coded-wire t a g  
r ecove r i e s  was conducted by t h e  Canada Department of F i s h e r i e s  and Oceans (DFO) . 

Escapement Enumeration and Sampling 

Coho salmon escapements were enumerated o r  e s t ima ted  a t  Ford A r m  Lake, Hugh Smith 
Lake and t h e  Berners  River .  A s  many f i s h  a s  p o s s i b l e  were examined f o r  ad ipose  
c l i p s  a t  w e i r  s i tes and du r ing  sampling ope ra t i ons  on t h e  spawning grounds.  

Age-length-sex samples w e r e  t aken  from a t a r g e t  sample of 5 0 0  a d u l t  f i s h  cap tu red  
from t h e  Berners  River  u s ing  a beach s e i n e ,  and from 600  f i s h  each  from t h e  
mig ra t i ons  a t  t h e  Ford A r m  and Hugh Smith w e i r s .  Each f i s h  t h a t  was sampled f o r  
age-length-sex was p l aced  i n  a padded measuring t rough  and measured t o  t h e  
n e a r e s t  m i l l i m e t e r  (mideye-fork l e n g t h ) .  F i sh  sampled a t  t h e  w e i r s  were 
a n e s t h e t i z e d  i n  a s o l u t i o n  of MS-222, while f i s h  sampled a t  t h e  Berners  River  
w e r e  n o t .  The l e n g t h  and sex  were recorded.  Four s c a l e s  w e r e  t aken  from t h e  
l e f t  s i d e  of t h e  f i s h  approximately two rows above t h e  l a t e r a l  l i n e  a long  a 



diagonal  downward from t h e  p o s t e r i o r  i n s e r t i o n  of the d o r s a l  f i n  t o  t h e  a n t e r i o r  
i n s e r t i o n  of t h e  a n a l  f i n  (INPFC 1 9 6 3 ) .  Sca l e s  were mounted on gum c a r d s  and 
impressions l a t e r  made i n  c e l l u l o s e  a c e t a t e  ( C l u t t e r  and w h i t e s e l  1956) .  

Dai ly  w e i r  counts  and age-sex-length d a t a  a r e  r epo r t ed  by Wood ( I n  press). 

Berners R i v e r  Surveys.  The upper Berners River  was surveyed annua l ly  by f o o t  and 
h e l i c o p t e r  d u r i n g  a  10-day t r i p  i n  l a t e  October.  Access was by h e l i c o p t e r  t o  a  
campsi te  l o c a t e d  j u s t  downstream from t h e  major spawning a r e a .  A thorough 
escapement survey of t h e  upper r i v e r  and t r i b u t a r i e s  was conducted by f o o t  
immediately a f t e r  a r r i v a l .  An a d d i t i o n a l  survey was conducted l a t e r  i n  t h e  t r i p  
i f  t h e r e  was evidence t h a t  more f i s h  had moved i n t o  t h e  upper r i v e r .  The survey 
a r e a  was covered on two s e q u e n t i a l  days,  from camp t o  t h e  headwaters on t h e  f i r s t  
day, and downstream on t h e  second day. A l l  s i d e  t r i b u t a r i e s  throughout  t h e  
survey a r e a  were examined f o r  f i s h .  When t h e  h e l i c o p t e r  r e t u r n e d  t o  remove t h e  
camp, t h e  observer  surveyed t h e  lower r i v e r  from t h e  mouth upstream t o  t h e  
downstream end of t h e  f o o t  survey a r e a .  Typica l ly ,  few f i s h  (less t h a n  10% of 
t h e  t o t a l  count)  were seen  i n  t h i s  a r e a .  The t o t a l  survey count  was t h e  sum of 
a l l  f i s h  seen  i n  t h e  system. Care was taken  t o  schedule  surveys  t o  minimize t h e  
chance of double count ing  t h e  same f i s h  o r  missing f i s h  a s  t hey  moved between 
survey s e c t i o n s  i n  t h e  i n t e r v a l  between surveys .  

The same observer  conducted t h e  Berners River surveys du r ing  1982-1990. The 
observer  wore p o l a r i z e d  sung la s se s .  I n  headwaters s e c t i o n s  and t r i b u t a r i e s ,  t h e  
observer  walked upstream along t h e  bank o r  i n  t h e  s t ream channel ,  i f  necessary ,  
t o  avoid  dense vege t a t i on .  The observer  looked ahead and counted f i s h  
i n d i v i d u a l l y  a s  t hey  d a r t e d  downstream p a s t  t h e  observer  o r  under banks o r  l o g s .  
Rocks were thrown i n t o  suspec ted  h id ing  a r e a s  t o  d r i v e  f i s h  ou t  t o  be  counted.  
I n  some smal l  t r i b u t a r i e s  with overhanging roo t  systems, t h e  observer  probed 
under banks t o  d r i v e  h id ing  f i s h  out  t o  be counted.  Pools  wi th  l a r g e r  s choo l s  
of over  100 f i s h  were counted repea ted ly  from d i f f e r e n t  ang le s  and d i r e c t i o n s  
u n t i l  t h e  observer  was s a t i s f i e d  with t h e  count,  which was t y p i c a l l y  t h e  average 
of s e v e r a l  counts .  The observer  moved q u i e t l y  and s lowly a long  t h e  bank above 
t h e  f i s h  and a t t e m p t e d t o  count without d i s t u r b i n g  them. Counting l a r g e r  schools  
was o f t e n  done by t e n s ,  o r  a l t e r n a t e l y  by t e n s  and hundreds f o r  t h e  l a r g e s t  
observed aggrega t ions  of 1,500-2,000. 

Coho salmon c a r c a s s e s  were extremely r a r e ;  however, any dead f i s h  o r  f r e s h  p a r t s  
(jaws o r  p y l o r i c  caeca)  t h a t  could be i d e n t i f i e d  a s  i n d i v i d u a l  f i s h  were inc luded  
i n  t h e  count .  Spec ies  i d e n t i f i c a t i o n  was no t  a  problem a s  coho was t h e  on ly  
salmon s p e c i e s  p re sen t  i n  t h e  a r e a  du r ing  l a t e  October, a l though schoo l s  of Dolly 
Varden w e r e  p r e s e n t  i n  some a r e a s .  

He l i cop te r  surveys  of t h e  lower r i v e r  were conducted from an a l t i t u d e  of 30-50 
m wi th  t h e  sun a t  t h e  obse rve r ' s  back. The h e l i c o p t e r  was f i r s t  h e l d  s t a t i o n a r y ,  
o f f  t o  t h e  s i d e  of t h e  pool,  s o  t h a t  prop wash on t h e  water  d i d  no t  obscure 
v i s i b i l i t y  and s o  t h a t  t h e  f i s h  remained somewhat s t a t i o n a r y  and d i d  no t  s t i r  up 
bottom sediment.  The h e l i c o p t e r  sometimes moved p a s t  t h e  f i s h  o r  i n  a  circle 
around them i f  t h e  observer  needed t o  see t h e i r  movement t o  confirm t h a t  he had 
observed them a l l .  



The t r i p  was t imed s o  t h a t  l i t t l e  i f  any spawning had occur red  b e f o r e  t h e  survey  
count ,  while  t h e  v a s t  m a j o r i t y  of t h e  run had e n t e r e d  t h e  system from s a l t w a t e r .  
F i sh  w e r e  j u s t  beginning t o  e n t e r  headwaters spawning a r e a s  and sma l l  
t r i b u t a r i e s ,  while  most were hold ing  i n  c l e a r  poo l s .  The 10-day t r i p  was l ong  
enough t o  a l low f o r  pe r iods  of unfavorable  survey  c o n d i t i o n s  due t o  h igh  water .  

F i s h  were cap tu red  with a 13 m beach s e i n e  f o r  sampling f o r  coded-wire t a g s  and 
age-length-sex d a t a .  The coded-wire t a g  sampling o b j e c t i v e  was a t  l e a s t  1,500 
f i s h  o r  25% of t h e  t o t a l  survey count .  The beach s e i n e  was deployed i n  ho ld ing  
pools  by a t h r e e  person crew. F i sh  t h a t  were cap tu red  i n  t h e  beach s e i n e  w e r e  
marked with a p a r t i a l  d o r s a l  c l i p  us ing  w i r e  c u t t e r s  and examined f o r  a mi s s ing  
ad ipose  f i n .  I f  t h e  f i s h  was unmarked, i t  was r e l e a s e d .  I n  e a r l i e r  yea r s ,  when 
an ad ipose  c l i p  was found, t h e  f i s h  was s a c r i f i c e d  and t h e  head was s e n t  t o  t h e  
ADF&G t a g  l a b  f o r  t a g  removal and decoding. However, a g r e a t l y  i n c r e a s e d  t a g g i n g  
r a t e  beginning  i n  1989 l e d  t o  a need t o  sample marked f i s h  without  k i l l i n g  them. 
I n  1990, ad ipose  c l i p p e d  f i s h  w e r e  examined with a magnetic f i e l d  d e t e c t o r  t o  
determine t h e  presence  of a t a g .  I f  t h e  f i s h  r e g i s t e r e d  a p o s i t i v e  s i g n a l  when 
i t r s  head was moved qu ick ly  both ways through t h e  d e t e c t o r ,  i t  was r e l e a s e d  and 
recorded a s  having a t a g .  I f  a coded-wire t a g  was no t  d e t e c t e d ,  it was 
s a c r i f i c e d  and t h e  head was marked with a jaw t a g  and s e n t  t o  t h e  t a g  l a b  f o r  
f u r t h e r  v e r i f i c a t i o n .  

Ford Arm Lake Weir. A wooden t r i p o d  and meta l  p i c k e t  w e i r ,  approximately 43 m 
long,  was ope ra t ed  a t  t h e  o u t l e t  of Ford A r m  Lake from approximately August 15 
through a t  l e a s t  October 24 du r ing  1981-1982 and 1985-1990. The w e i r  was kept  
i n  p l a c e  u n t i l  mid-November i n  1982 and 1983, bu t  t h e  season was sho r t ened  i n  
1985 when it became obvious t h a t  few o r  no new f i s h  e n t e r e d  t h e  system a f t e r  l a t e  
October.  Spawning u s u a l l y  began t o  occur  downstream from t h e  w e i r  i n  mid t o  l a t e  
October.  Thorough downstream surveys were conducted from October 7 u n t i l  t h e  
w e i r  was removed, whenever cond i t i ons  were f avo rab l e .  Subsequent cumulat ive w e i r  
counts  were s u b t r a c t e d  from each survey count and t h e  g r e a t e s t  d i f f e r e n c e  between 
t h e s e  numbers was recorded a s  t h e  number of f i s h  remaining downstream when t h e  
w e i r  was removed. 

I n  1982 and 1983, t h e  w e i r  became i n e f f e c t i v e  f o r  pe r iods  due t o  water  f lowing 
over  t h e  t o p  and mark-recapture e s t ima te s  were made i n  t h o s e  y e a r s  (Shaul  e t  a 1  
1985 and 1986) .  This  problem was l a r g e l y  so lved  by i n s t a l l i n g  a r a i l i n g  wi th  a 
hardware c l o t h  ex t ens ion  a long  t h e  t o p  of t h e  w e i r  t o  main ta in  a complete b a r r i e r  
i n  f l o o d  c o n d i t i o n s .  However, minor problems with t h e  i n t e g r i t y  of t h e  w e i r  have 
occur red  i n  some r ecen t  years  when bea r s  have opened h o l e s  i n  t h e  w i r e  mesh 
du r ing  c r i t i c a l  high water pe r iods .  This  has n e c e s s i t a t e d  t agg ing  and recovery  
t o  e s t i m a t e  t h e  escapement. Years when t h e  mark-recapture technique  was used t o  
e s t i m a t e  t h e  escapement were 1982, 1983, 1988, 1989 and 1990. 

A l l  h e a l t h y  coho salmon t h a t  passed through t h e  w e i r  w e r e  c ap tu red  i n  a t r a p ,  
sampled f o r  coded-wire t a g s  and marked with a p a r t i a l  d o r s a l  c l i p .  The p o s t e r i o r  
t h r e e  r ays  of t h e  d o r s a l  f i n  were sheared  with w i r e  c u t t e r s  approximately one c m  
above t h e  f i s h ' s  back. I n  1982 and 1983, f i s h  were tagged  wi th  numbered Floy 
anchor t a g s  (Shaul et a l .  1985 and 1986) . However, d a t a  from t h o s e  y e a r s  
i n d i c a t e d  v i r t u a l l y  complete in te rmix ing  of marked f i s h  between t a g g i n g  and 
recovery and, t h e r e f o r e ,  t h a t  a s i n g l e  s t r a tum e s t i m a t e  (Chapman 1951) should  be 
unbiased.  I n  1982, e l apsed  t i m e  between tagging  a t  t h e  w e i r  and l i v e  recovery  



i n  t h e  i n l e t  s t reams ranged from 1-78 days (Shaul e t  a l .  1 9 8 5 ) .  Therefore ,  
a p p l i c a t i o n  of numbered t a g s  was d i scont inued  because of t h e  expense and h igh  t a g  
l o s s  r a t e s .  The d o r s a l  c l i p  was been employed a s  t h e  primary mark i n  more r ecen t  
yea r s  because it was e a s i e r  and less expensive t o  apply .  I t  a l s o  appeared t o  
have v i r t u a l l y  no l o s s  r a t e  on l i v e  samples which accounted f o r  n e a r l y  a l l  
recovery samples a t  Ford A r m  Lake. 

When necessary ,  recovery sampling was i n i t i a t e d  i n  mid-October. A l l  f i s h  t h a t  
passed  t h e  w e i r  a f t e r  recovery sampling began were marked wi th  a  l e f t  ope rcu l a r  
punch r a t h e r  t han  a  d o r s a l  c l i p  s o  t h a t  t hey  could  be  d i s t i n g u i s h e d  i f  
recaptured ,  and t h e y  were excluded from t h e  mark-recapture e s t i m a t e .  Recovery 
sampling was conducted p r i m a r i l y  with s p o r t  sp inn ing  g e a r  and, i n  some cases ,  
beach s e i n e s  and d i p  n e t s .  Two rods were f i s h e d  a t  l o c a t i o n s  around t h e  l a k e .  
F i s h  t h a t  were cap tu red  were marked with a  r i g h t  ope rcu l a r  punch and sampling was 
conducted without  replacement u n t i l  50 f i s h  were captured .  I f  more t han  one f i s h  
without  a  d o r s a l  c l i p  o r  l e f t  opercu la r  punch was cap tu red  i n  t h i s  sample, 
sampling e f f o r t  was cont inued u n t i l  t h e  weir was removed i n  l a t e  October .  

I f  no f i s h  were found t o  have passed t h e  w e i r  uncounted, t h e  g r o s s  a d u l t  (age .1) 
escapement e s t i m a t e  inc luded  t h e  sum of t h e  fo l lowing:  (1) t o t a l  w e i r  count  
i nc lud ing  a l l  w e i r  m o r t a l i t i e s  and f i s h  t h a t  were s a c r i f i c e d  f o r  samples; (2 )  t h e  
g r e a t e s t  d i f f e r e n c e  between a  downstream survey count and t h e  w e i r  count  a f t e r  
t h e  survey was made; and (3 )  t h e  sum of pre-spawning m o r t a l i t i e s  observed i n  
downstream surveys .  I f  f i s h  were found t o  have passed t h e  w e i r  uncounted, t h e  
g r o s s  e s t i m a t e  inc luded  t h e  sum of t h e  fol lowing:  (1) Chapman e s t i m a t e  of t h e  
popula t ion  above t h e  w e i r  when recovery sampling was i n i t i a t e d ;  (2 )  f i s h  counted 
upstream p a s t  t h e  w e i r  and marked with a  l e f t  ope rcu l a r  punch a f t e r  recovery 
sampling was i n i t i a t e d ;  (3 )  upstream migrant m o r t a l i t i e s  t h a t  occur red  a t  t h e  
weir i nc lud ing  f i s h  t h a t  d i e d  i n  t h e  t r a p  o r  were k i l l e d  by b e a r s  and f i s h  t h a t  
were s a c r i f i c e d  a s  samples; ( 4 )  unspawned wash-ups on t h e  w e i r  (assumed t o  be 
handl ing  m o r t a l i t i e s  and not  inc luded  i n  t h e  Chapman e s t i m a t e )  ; (5 )  t h e  g r e a t e s t  
d i f f e r e n c e  between a  downstream survey count and t h e  w e i r  count  a f t e r  t h e  survey 
was made; and ( 3 )  t h e  sum of pre-spawning m o r t a l i t i e s  observed i n  downstream 
surveys .  Es t imates  of g ros s  escapement w e r e  used i n  c a l c u l a t i n g  t o t a l  r e t u r n ,  
h a r v e s t  r a t e s  and juveni le-adul t  s u r v i v a l  r a t e s .  N e t  escapement i s  t h e  g r o s s  
escapement e s t i m a t e  minus pre-spawningmor ta l i t i es  t h a t  a r e  human-inf l ic ted ( t r a p  
m o r t a l i t i e s ,  bea r  k i l l s  a t  t h e  weir,  coded-wire t a g  samples, and unspawned wash- 
u p s ) .  N e t  escapement i s  used t o  e s t i m a t e  brood yea r  escapement f o r  spawner- 
r e c r u i t  a n a l y s i s .  

The coho salmon escapement a t  Ford A r m  Lake was sampled f o r  coded-wire t a g s .  A l l  

f i s h  t h a t  were counted p a s t  t h e  weir were captured  i n  t h e  t r a p  and examined f o r  
t h e  presence  of an adipose f i n .  In  1982 and 1983, a  sample of 20 ad ipose  c l i p p e d  
a d u l t s  was s a c r i f i c e d  and examined f o r  t a g s  a t  t h e  t a g  l a b .  I f  any w e r e  found 
t o  have l o s t  t a g s ,  a d d i t i o n a l  samples were taken  from up t o  50 f i s h .  I n  more 
r ecen t  yea r s ,  f i s h  t h a t  had c l i p p e d  adipose f i n s  were examined with a  magnetic 
f i e l d  d e t e c t o r  t o  determine whether o r  not  a  t a g  was p r e s e n t .  Marked f i s h  t h a t  
d i d  no t  r e g i s t e r  a  p o s i t i v e  s i g n a l ,  pass ing  both d i r e c t i o n s  through t h e  d e t e c t o r ,  
were s a c r i f i c e d  and t h e  heads a r e  s e n t  t o  t h e  ADF&G coded-wire t a g  l a b  i n  Juneau 
f o r  f u r t h e r  v e r i f i c a t i o n .  An i n d i v i d u a l  record  was made of each  f i s h  t h a t  passed  
t h e  w e i r  i nc lud ing  whether: it was an a d u l t  (age .1) o r  jack (age . O ) ;  whether 
o r  no t  it had an ad ipose  c l i p ;  and i f  c l ipped ,  whether o r  no t  it r e g i s t e r e d  a  
p o s i t i v e  s i g n a l  on t h e  d e t e c t o r .  Age-length-sex samples were recorded  on t h e  



same form. Each ad ipose  c l i p p e d  f i s h  t h a t  d i d  no t  register a s i g n a l  on t h e  
magnetic f i e l d  d e t e c t o r  was s a c r i f i c e d ,  a  numbered c inch  s t r a p  was a t t a c h e d  t o  
t h e  head and t h e  number was recorded on t h e  form. 

A t  Ford A r m  Lake, males under 460 mm mid-eye f o r k  l e n g t h  were c l a s s i f i e d  a s  jacks 
(age . O )  , while  o t h e r  f i s h  w e r e  c l a s s i f i e d  a s  a d u l t s  (age .1) . There was a  
chance of m i s c l a s s i f y i n g  a  very smal l  number f i s h  because of a  sma l l  o v e r l a p  
between s i z e  d i s t r i b u t i o n s  of t h e  two ocean age c l a s s e s .  Not a l l  jacks w e r e  
enumerated a s  some w e r e  smal l  enough t o  pas s  between t h e  p i c k e t s .  

Hugh Smith Lake Weir. During 1982-1990, t h e  Hugh Smith Lake Weir was ope ra t ed  
f o r  sockeye salmon beginning i n  e a r l y  June and cont inued  through l a t e  October .  
The w e i r  was kept  i n  ope ra t i on  through l a t e  November i n  1982-1984, bu t  a  l a c k  of 
new migran ts  a f t e r  l a t e  October i n d i c a t e d  t h a t  t h e  season cou ld  be  sho r t ened  
without  undercount ing t h e  escapement. 

F i sh  remaining downstream of t h e  w e i r  were c a r e f u l l y  counted b e f o r e  t h e  w e i r  was 
removed and w e r e  added t o  t h e  w e i r  count t o  o b t a i n  a  t o t a l  escapement count .  

Extreme flow r a t e s  t h r ea t ened  t o  des t roy  t h e  w e i r  s t r u c t u r e  i n  some y e a r s  (1982, 
1983, 1986 and 1987) and p i c k e t s  were p u l l e d  f o r  a  pe r iod  o r  hours  o r  days t o  
r e l i e v e  p r e s s u r e .  This  permited f i s h  t o  escape  upstream uncounted and unsampled 
and n e c e s s i t a t e d  t agg ing  and recovery t o  e s t i m a t e  t h e  escapement.  The o l d e r  
wooden t r i p o d  w e i r  was rep laced  i n  1989 with a  much s t r o n g e r  aluminum bipod 
s t r u c t u r e  which performed without problems i n  f l o o d  c o n d i t i o n s  du r ing  1989 and 
1990. 

A l l  h e a l t h y  a d u l t  coho salmon t h a t  passed through t h e  w e i r  w e r e  c ap tu red  i n  a  
t r a p ,  sampled f o r  coded-wire t a g s  and marked with a  p a r t i a l  d o r s a l  c l i p .  I n  1982 
and 1983, f i s h  were tagged with numbered Floy anchor t a g s  (Shaul  e t  a l .  1985 and 
1986) .  A s t r a t i f i e d  e s t i m a t e  was made us ing  t h e  technique  developed by Schaefer  
(1951) .  Tagged f i s h  were recovered on t h e  spawning grounds from mid-November 
u n t i l  e a r l y  February.  The d a t a  i n d i c a t e d  t h a t  t h e r e  was n e a r l y  complete 
i n t e rmix ing  of f i s h  between marking and recovery, while  a  s i n g l e  s t r a t u m  e s t i m a t e  
(Chapman 1951) r e s u l t e d  i n  r e l a t i v e l y  low b i a s  compared wi th  t h e  s t r a t i f i e d  
e s t i m a t e  (6 .9% b i a s  i n  1982 and 2.2% i n  1983) .  Therefore ,  t h e  d o r s a l  c l i p  has  
been employed i n  more r ecen t  years  because i t  i s  e a s i e r  and less expens ive  t o  

apply  - 
Recovery sampling was i n i t i a t e d  i n  mid-November and cont inued  through l a t e  
January i f  t h e r e  was any i n d i c a t i o n  t h a t  f i s h  may have escaped  p a s t  t h e  w e i r  
uncounted. Two o r  three-day recovery t r i p s  t o  Hugh Smith Lake were made by f l o a t  
plane,  i f  p o s s i b l e ,  o r  by h e l i c o p t e r  i f  t h e  l a k e  s u r f a c e  was f rozen .  The i n l e t  
s t reams,  Buschman and Cobb Creeks, were surveyed on f o o t  and f i s h  w e r e  c ap tu red  
f o r  sampling us ing  d i p n e t s  and a  beach s e i n e .  Addi t iona l  f i s h  were cap tu red  o f f  
t h e  mouths of t h e  i n l e t  s t reams us ing  s p o r t  g e a r .  A l l  f i s h  t h a t  were sampled 
w e r e  marked with a  s i n g l e  l e f t  ope rcu l a r  punch and r e l e a s e d .  A l l  marks ( ad  c l i p ,  
d o r s a l  c l i p ,  ope rcu l a r  punch) on recovery samples were recorded and t h e  f i s h  w e r e  
c l a s s i f i e d  a s  a d u l t s  (age .1) o r  jacks (age . O )  . 

The coho salmon escapement a t  Hugh Smith Lake was c l a s s i f i e d  by ocean age and 
sampled f o r  coded-wire t a g s  us ing  t h e  same techniques  employed a t  Ford A r m  Lake. 



Most f i s h  t h a t  were counted p a s t  t h e  weir were cap tu red  i n  a t r a p  and examined 
for the presence of an adipose fin. At Hugh Smith Lake, males under 450 mrn were 
classified as jacks, while other fish were classified as adults. 

Analysis of Tag Recovery Data 

The proportion of fish in the escapement that were tagged (63,) was estimated as 
follows : 

where S = number of fish in the escapement sampled for adipose clips 

m,= number of fish in sample (S) that had adipose clips 

m,= number of adipose clips in the escapement sampled for tags 

t = number of adipose clipped fish in the escapement that were sampled for 
tags and were found to have tags. 

The total number of tagged fish in the escapement (El was estimated by 
multiplying the total estimated escapement (N) by the proportion tagged (63,). 

Four harvest related parameters are defined below. 

1. Stock distribution is the distribution of the catch and escapement of a 
stock expressed as a proportion of the total return (catch and 
escapement) . 

2. Harvest rate is the total harvest of a stock by one or more fisheries 
divided by the total return (catch and escapement). 

3 .  Removal rate is the total harvest within a defined fishery divided by the 
total number of fish available within that fishery. 

4. Harvest distribution is the distribution of the catch of a stock among 
the fisheries by area and/or gear type expressed as a proportion of the 
total catch of that stock. 

Harvest by Gear Type and Escapement. The estimated harvest by gear type and 
escapement were computed for coho salmon returns to the three systems (Tables 4- 
6). Alaska troll fishery tag recoveries were expanded to total catch by quadrant 
(Appendix A.2) and fishing period (time between fishery openings and closures). 
Recoveries from net fisheries were expanded by District and statistical week 



(Appendix A.3). Fishery contribution estimates for tagged fish were divided by 
the proportion tagged in escapement samples (@,) to estimate total stock 
contributions Ci . 

where Fi= estimated number of tagged fish harvested (expanded sum of random 
fishery recoveries) in fishery i 

The total run size (X) was estimated by adding the sum of the estimated catch of 
the stock in all fisheries and escapement. 

Total r un  s ize  (XI = CI+  N 

Harvest Rates. The harvest rate (H) for a stock in fishery i was estimated as 
follows : 

H a r v e s t  R a t e  (Hi )  = F1 

CFI + E  

The total harvest rate by all fisheries was estimated as follows: 

T o t a l  H a r v e s t  R a t e  (C H,) = CFI 
CFI + E 

Harvest rate estimates were summarized for the Alaska troll fishery and all 
fisheries combined (Table 7; Figure 3). 

Removal Rates. In sequential "gauntlet" type fisheries such as occur for coho 
salmon in Southeast Alaska, removal rate estimates for distinct fisheries provide 
a clearer understanding of management options for achieving desired escapement 
than do stock distribution or harvest rate estimates. Removal rates are 
independent of harvest by previous fisheries and, therefore, provide a measure 
of the effect of a particular fishery on a migrating population of fish. 



Therefore, removal rate estimates are an important component of postseason 
management assessment and are useful for developing future management strategies. 

For this analysis, the number of fish available to a fishery is considered to be 
the total number of fish that migrate through the area where the fishery occurs. 
The number of fish that pass through a fishing area is the estimated total return 
(catch and escapement) minus fish harvested in preceding fisheries. Therefore, 
it is necessary to assume a direction of migration. In this analysis, it was 
assumed that returning coho salmon migrated by the most direct route(s) from the 
open ocean toward their systems of origin and that they could not pass around the 
fisheries. Suppose that T,is the number of tagged fish available to the first 
fishery and that F, is the harvest of tagged fish by fishery i. The removal rate 
(R) by the first fishery is estimated as follows: 

For subsequent fisheries where i>l, Riis estimated as follows: 

R, = r. Fi where L = i-1 

Removal rates were estimated by gear type (fishery) for the Berners River stock 
(Table 8) and by area for the Hugh Smith Lake stock (Table 9). Total harvest 
rate estimates were generated for the Ford Arm Lake stock (Table 4 ) ,  but removal 
rate estimates for individual areas and fisheries were not made because most of 
the catch occurred in outside districts with no clearly defined migration through 
sequential fisheries. The Ford Arm Lake stock was considered to be harvested 
simultaneously by all fisheries. 

Harvest Distribution. The harvest distribution (percent by area and gear type) 
was estimated for tagged stocks (Tables 10-12). Expanded tag recoveries of a 
stock in each fishery (Fi) were divided by the sum of expanded fishery recoveries 
in all fisheries (ZF,) . Tag recoveries from the Alaska troll fishery were 
expanded by PMFC area (Appendix A.2) and fishing period, while recoveries from 
the net and trap fisheries were expanded by district and statistical week. In 
addition, the distribution of the Southeast Alaska troll catch of the three 
stocks was estimated using quadrant-period strata (Table 13). 

Migratory Timing. The migratory timing of the three stocks in troll fishing 
districts was estimated from the distribution of the harvest of tagged fish, by 
week. Troll fishery tag recoveries were expanded to total catch by quadrant and 
week. The weekly proportion of the total troll catch of each stock was estimated 
for each year when data was available (Appendixes B. 1-B. 3) . Expanded weekly 
recoveries were divided by the sum of expanded recoveries from throughout the 



season t o  e s t i m a t e  weekly p ropor t i ons  of t o t a l  c a t c h .  These e s t i m a t e s  were based 
on t h e  d a t e s  of l and ing  of tagged f i s h  a t  f i s h i n g  p o r t s .  S ince  t h e  average  t r i p  
l e n g t h  f o r  a t r o l l  v e s s e l  was about s i x  days,  t h e  average t i m e  of c a p t u r e  of 
landed f i s h  probably occur red  t h r e e  days p rev ious ly .  

Survival Rates. Surv iva l  r a t e s  were e s t ima ted  f o r  t agged  coho salmon smol t s  t h a t  
migra ted  from Hugh Smith Lake i n  1983-1989 and juven i l e  coho salmon t h a t  w e r e  
t agged  i n  t h e  Berners  River  (1980-1981, 1983-1988), and a t  Ford A r m  Lake (1980- 
1981, 1983-1987) (Table  1 4 ) .  

It was assumed t h a t  a l l  marked a d u l t s  r e t u r n i n g  t o  a system had been tagged  a s  
j uven i l e s  o r  srnolts and t h a t  t h e r e  was no inc idence  of n a t u r a l l y  mi s s ing  ad ipose  
f i n s .  Therefore ,  a l l  ad ipose  c l i p p e d  f i s h  t h a t  d i d  no t  con ta in  t a g s  were assumed 
t o  have shed  t h e i r  t a g s .  A sample of adipose c l i p p e d  f i s h  (m,) was drawn from 
t h e  escapement and sampled f o r  coded-wire t a g s ,  of which t f i s h  w e r e  found t o  be 
tagged.  The s u r v i v a l  r a t e  from t h e  t i m e  of t agg ing  (smolt  o r  age 1+ juven i l e )  
t o  t h e  a d u l t  s t a g e  (age .1) was e s t ima ted  a s  fo l lows:  

m2 ( C F ~  + E) ( - )  
Survival Rate (S) = t 

TI 

where m , =  number of adipose c l i pped  f i s h  i n  t h e  escapement t h a t  were examined 
f o r  t a g s  

t = number of sampled adipose c l i pped  f i s h  i n  t h e  escapement t h a t  conta ined  
t a g s  

T I =  number of smol t s  o r  juveni les  tagged 

Typica l ly ,  90% o r  more of r ecove r i e s  from juveni le  t a g  groups have been recovered 
i n  a s i n g l e  r e t u r n  year ,  while  v i r t u a l l y  a l l  tagged srnolts have r e t u r n e d  i n  a 
s i n g l e  yea r .  Tag r e t e n t i o n  was assumed t o  be  t h e  same i n  f i s h  from a s i n g l e  
r e t u r n  yea r  because i t  was impossible  t o  determine when ad ipose  c l i p p e d  f i s h  
without  t a g s  had been marked. P o t e n t i a l  b i a s  occurs  i n  t h e  e s t i m a t e s  t o  t h e  
e x t e n t  t h a t  d i f f e r e n t  t a g  r e t e n t i o n  r a t e s  have occur red  i n  r e l e a s e s  from 
d i f f e r e n t  y e a r s .  

Smolt Migration Estimates. Smolt migra t ion  e s t i m a t e s  from Hugh Smith Lake (1983- 
1990) and t h e  Berners  River (1989 and 1 9 9 0 )  w e r e  made us ing  a Chapman e s t i m a t e  
(Table  1 5 ) .  The number marked (M) was t h e  number of smol t s  t h a t  were ad ipose  
c l i p p e d  and r e l e a s e d  a s  t hey  migrated from t h e  system i n  yea r  i, r e g a r d l e s s  of 
whether o r  no t  t hey  r e t a i n e d  t h e i r  coded-wire t a g s .  The recovery  sample (C) was 
t h e  sum of t h e  number of age . O  f i s h  sampled f o r  ad  c l i p s  a t  t h e  w e i r  i n  y e a r  i, 
and t h e  number of age .1 f i s h  sampled f o r  ad c l i p s  a t  t h e  w e i r  i n  y e a r  i + l .  The 
number of marks recovered ( R )  was t h e  number of adipose c l i p p e d  f i s h  observed i n  
t h e  recovery sample. 



Results 

Harvest by Gear Type and Escapement 

During 1982, 1983 and 1985-1990, t h e  t o t a l  r e t u r n  t o  t h e  Berners  River  i n  lower 
Lynn Canal averaged an e s t ima ted  24,551 f i s h  (range 14,058-34,036; Table  4) . The 
e s t i m a t e d  c o n t r i b u t i o n  t o  t h e  Alaska t r o l l  f i s h e r y  and t h e  Lynn Canal d r i f t  g i l l  
n e t  f i s h e r y  averaged 11,638 (range 5,926-17,153) and 6,492 ( range  1,664-10,568), 
r e s p e c t i v e l y .  Est imated t o t a l  c o n t r i b u t i o n s  t o  t h e  pu r se  s e i n e  and marine s p o r t  
f i s h e r i e s  averaged only  66 f i s h  and 129 f i s h ,  r e s p e c t i v e l y .  The e s t i m a t e d  t o t a l  
c o n t r i b u t i o n  t o  a l l  f i s h e r i e s  averaged 18,325 f i s h  ( range  10,798-24,196) while  
t h e  t o t a l  escapement survey count averaged 6,226 ( range  1,752-11,050) . The t r o l l  
f i s h e r y  accounted f o r  an e s t ima ted  average of 47.7% ( range  39.6-55.1%) of t h e  
t o t a l  r e t u r n  while  t h e  e s t ima ted  ha rves t  r a t e  by t h e  d r i f t  g i l l  n e t  f i s h e r y  
averaged 26.8% (8.5-41.0%) . The purse  s e i n e  and marine s p o r t  f i s h e r i e s  accounted 
f o r  ha rves t  r a t e s  of on ly  0.3% and 0.5%, r e s p e c t i v e l y .  These h a r v e s t  percentages  
a r e  l i k e l y  b i a s e d  upward because escapement e s t i m a t e s  a r e  based on an i n t e n s i v e  
survey count r a t h e r  t han  a t o t a l  w e i r  count o r  mark-recapture e s t i m a t e .  

The e s t ima ted  t o t a l  r e t u r n  t o  Ford A r m  Lake on t h e  o u t e r  c o a s t  of Chichagof 
I s l a n d  averaged 5,060 f i s h  (range 3,229-6,287) du r ing  1982, 1983 and 1985-1990 
(Table  5 ) .  Tag recovery d a t a  i n d i c a t e d  t h a t  t h e  Ford A r m  Lake s t o c k  was 
ha rves t ed  by only  t h e  t r o l l  and purse  s e i n e  f i s h e r i e s  wi th  average  e s t i m a t e d  
c o n t r i b u t i o n  r a t e s  of 2,674 (range 1,456-3,777) and 190 ( range  0-931), 
r e s p e c t i v e l y .  The e s t ima ted  t o t a l  f i s h e r y  c o n t r i b u t i o n  averaged 2,864 ( range  
1,535-4,343), while  t h e  t o t a l  escapement averaged 2,196 ( range  1,546-3,028) . The 
t r o l l  h a r v e s t  r a t e  on Ford A r m  Lake coho salmon averaged 52.4% ( range  41.3- 
61 .5%) ,  while  t h e  pu r se  s e i n e  f i s h e r y  accounted f o r  an average of 3 .4% ( range  O- 
14 .8%)  of t h e  t o t a l  r e t u r n .  

The t o t a l  r e t u r n  t o  Hugh Smith Lake i n  Boca de Quadra s o u t h e a s t  of Ketchikan, 
averaged an e s t ima ted  3,528 f i s h  (range 1,530-6,096) du r ing  1982-1990 (Table  6) . 
The f i s h e r i e s  accounted f o r  an e s t ima ted  average t o t a l  c a t c h  of 2,344 f i s h  ( range  
1,017-3,952) and accounted f o r  an average t o t a l  ha rves t  r a t e  of 66.2% ( range  
52.3-82.1%). The ha rves t  of Hugh Smith Lake coho salmon was d i s t r i b u t e d  a c r o s s  
a v a r i e t y  of f i s h e r i e s .  On t h e  average, an e s t ima ted  4 4 . 7 %  of t h e  t o t a l  r e t u r n  
was ha rves t ed  by t r o l l  gea r ,  of which 36.4% was taken  i n  Alaska and 8 .3% was 
taken  i n  B r i t i s h  Columbia. An e s t ima ted  average of 11.5% and 8 .3%,  r e s p e c t i v e l y ,  
of t h e  t o t a l  r e t u r n  was harves ted  by Alaska purse  s e i n e  and d r i f t  g i l l  n e t  
f i s h e r i e s ,  while  1.1% was harves ted  by B . C .  n e t  f i s h e r i e s .  An average  of 0.3% 
of t h e  e s t ima ted  t o t a l  r e t u r n  was ha rves t ed  by each t h e  Ketchikan marine s p o r t  
f i s h e r y  and t h e  Annette I s l a n d  f i s h  t r a p s .  However, s p o r t  c o n t r i b u t i o n  d a t a  is  
incomplete b e f o r e  1986 because of inadequate  sampling du r ing  p a r t s  of t h e  season .  
Ove ra l l ,  Alaska f i s h e r i e s  ha rves t ed  an e s t ima ted  average of 56.8% of  t h e  t o t a l  
r e t u r n  t o  Hugh Smith Lake compared with 9.4% f o r  B . C .  f i s h e r i e s .  T o t a l  h a r v e s t  
r a t e  e s t i m a t e s  i nc reased  s u b s t a n t i a l l l y  from a r e l a t i v e l y  s t a b l e  range of 52.3- 
66.5% i n  1982-1988 t o  82.1% i n  1989 and 81.1% i n  1990. Inc reased  h a r v e s t  r a t e s  
appeared t o  have occur red  i n  a l l  of t h e  t h r e e  major h a r v e s t i n g  f i s h e r i e s  ( t r o l l ,  
pu r se  s e i n e  and d r i f t  g i l l  n e t ) .  



Rexaoval Rates 

Removal r a t e  e s t i m a t e s  f o r  t h e  Berners River  a r e  b i a s e d  upward because f o o t  
surveys  on t h a t  system provide  a  less thorough account ing  of t h e  escapement 
compared with t o t a l  w e i r  counts  o r  mark-recapture e s t i m a t e s  on o t h e r  systems.  
The Berners  River  s tock  i s  cons idered  t o  migra te  through t h e  t r o l l  and pu r se  
s e i n e  f i s h e r i e s  and then  through t h e  Juneau s p o r t  f i s h e r y  be fo re  e n t e r i n g  Lynn 
Canal .  During 1982, 1983 and 1985-1990, t h e  e s t ima ted  combined t r o l l  and pu r se  
s e i n e  removal r a t e  f o r t h e  Berners River  s tock  averaged 0.480 ( range  0.408-0.551; 
Table 8 ) .  Because of i t s  l a t e  migra tory  t iming  (see s e c t i o n  on migra tory  
t i m i n g ) ,  t h e  Berners  River  s tock  was sub jec t ed  t o  on ly  minor f i s h i n g  p r e s s u r e  i n  
pu r se  s e i n e  and marine s p o r t  f i s h e r i e s .  The e s t ima ted  removal r a t e  i n  t h e  Juneau 
marine s p o r t  f i s h e r y  averaged only  0.010. On t h e  average,  t h e  Berners  River  
s t o c k  was e s t ima ted  t o  i n c u r  t h e  g r e a t e s t  and most v a r i a b l e  removal r a t e  i n  t h e  
Lynn Canal ( D i s t r i c t  115) d r i f t  g i l l  n e t  f i s h e r y ,  with annual  e s t i m a t e s  averag ing  
0.513 ( range  0.155-0.836) . 

Coho salmon r e t u r n i n g  t o  Hugh Smith Lake a r e  cons idered  t o  be ha rves t ed  
s imul taneous ly  i n  no r the rn  B . C .  and t h e  o u t s i d e  and in t e rmed ia t e  d i s t r i c t s  of 
Southeas t  Alaska be fo re  becoming a v a i l a b l e  i n  i n s i d e  waters  of sou the rn  
Southeas te rn .  During 1982-1990, t h e  combined removal r a t e  e s t i m a t e  f o r  Hugh 
Smith Lake coho salmon i n  nor thern  B.C. and t h e  o u t s i d e  and i n t e r m e d i a t e  a r e a s  
of Southeas t  Alaska averaged 0.441 (range 0.356-0.551) of which 0.346 (0.279- 
0.458) was a t t r i b u t e d  t o  Alaska f i s h e r i e s ,  and 0.094 (0.051-0.185) was a t t r i b u t e d  
t o  no r the rn  B.C.  f i s h e r i e s  (Table  9 )  . The e s t ima ted  removal r a t e  i n  i n s i d e  a r e a s  
averaged 0.404 ( range  0.247-0.636), while t h e  e s t ima ted  t o t a l  h a r v e s t  r a t e  f o r  
a l l  f i s h e r i e s  averaged 0.662 (range 0.523-0.821). 

Harvest Distribution 

The h a r v e s t  of t h e  Berners River coho salmon s tock  was r e s t r i c t e d  l a r g e l y  t o  
no r the rn  f i s h i n g  a r e a s  (Northern Outside,  Cen t r a l  Outside,  C e n t r a l  I n t e rmed ia t e ,  
Lynn Canal,  Stephens Passage)  which accounted f o r  an e s t ima ted  average  of 98.8% 
of t h e  c a t c h  d u r i n g  1982, 1983 and 1985-1990 (Table 10) . Small pe rcen tages  (less 
than  1%) were t aken  i n  t h e  Southern Outside a r e a ,  Southern In t e rmed ia t e  a r e a ,  
P r ince  William Sound and nor thern  B . C .  Overa l l ,  Lynn Canal was t h e  most 
important  s i n g l e  ha rves t  a r e a  f o r  t h e  Berners River  s t o c k ,  account ing  f o r  an 
e s t ima ted  average of 36 .8%.  The most important ha rves t  a r e a s  i n  t h e  t r o l l  and 
pu r se  s e i n e  f i s h e r i e s  were t h e  Northern Outside a r e a  ( n o r t h  of Cape Spencer;  
23 .0%)  and t h e  C e n t r a l  In te rmedia te  a r ea  ( I c y  S t r a i t  and Cross  Sound; 2 7 . 5 % ) .  

The Ford A r m  Lake coho salmon s tock  on t h e  c e n t r a l  o u t s i d e  c o a s t  was ha rves t ed  
p r i m a r i l y  i n  t h e  l o c a l  Cen t r a l  Outside a r ea  which accounted f o r  an average  of 
70.3% of t h e  e s t ima ted  ca t ch  (Table 11). Other important  l o c a t i o n s  where Ford 
A r m  Lake coho salmon were ha rves t ed  inc luded  t h e  Northern Outs ide  and C e n t r a l  
I n t e rmed ia t e  a r e a s  with 20.2% and 6 . 4 % ,  r e s p e c t i v e l y .  I n  a d d i t i o n ,  a  minor 
ha rves t  was e s t ima ted  t o  have occurred i n  t h e  Southern Outs ide  ( 2 . 0 % ) ,  Southern 
In te rmedia te  ( 0 . 4 % ) ,  Cen t r a l  I n s i d e  a r e a s  ( 0 . 6 % ) ,  and i n  no r the rn  B r i t i s h  
Columbia ( 0 . 1 % ) .  

Hugh Smith Lake coho salmon were harves ted  over a  r e l a t i v e l y  broad a r e a  from 
Yakutat t o  no r the rn  B r i t i s h  Columbia. During 1982-1990, t h e  two most important  



h a r v e s t  a r e a s  were, on t h e  average ,  t h e  l oca l  Sou thern  I n s i d e  a r e a  which 
accoun ted  f o r  a n  e s t i m a t e d  a v e r a g e  of 27.8% of  t h e  c a t c h ,  and  t h e  C e n t r a l  O u t s i d e  
a r e a  which a c c o u n t e d  f o r  25.8% (Tab le  1 2 ) .  S i g n i f i c a n t  c a t c h  a l s o  o c c u r r e d  i n  
t h e  S o u t h e r n  O u t s i d e  a r e a  ( 1 7 . 8 % ) ,  t h e  Sou thern  ~ n t e r m e d i a t e  a r e a  ( 5 . 4 % )  and  
n o r t h e r n  B.C. ( 1 3 . 9 % ) .  Hugh Smith Lake coho salmon were a l s o  h a r v e s t e d  i n  t h e  
Nor the rn  O u t s i d e  a r e a  ( 4 . 2 % ) ,  t h e  C e n t r a l  I n t e r m e d i a t e  a r e a  ( 1 . 7 % ) ,  and  t h e  
C e n t r a l  I n s i d e  a r e a  ( 3 . 4 % )  . 

The h a r v e s t  d i s t r i b u t i o n  of  t h e  S o u t h e a s t  Alaska t r o l l  c a t c h  o f  s e l e c t e d  s t o c k s  
was e s t i m a t e d  by q u a d r a n t  (Appendix A . 2 ) .  Near ly  a l l  of  t h e  e s t i m a t e d  t r o l l  
c a t c h  of  B e r n e r s  R i v e r  and Ford A r m  Lake coho salmon o c c u r r e d  i n  t h e  Northwest  
Quadran t  w i t h  a v e r a g e  e s t i m a t e s  of  97.4% and 98.3%,  r e s p e c t i v e l y  ( T a b l e  1 3 ) .  
Hugh Smith Lake f i s h  were more e v e n l y  d i s t r i b u t e d  o v e r  t h e  q u a d r a n t s  w i t h  t h e  
f o l l o w i n g  a v e r a g e  d i s t r i b u t i o n :  Northwest  55.8%; N o r t h e a s t  6.5%; Southwest  
18.6%; S o u t h e a s t  1 9 . 1 % .  

Migratory Timing 

Although i t  was a v a i l a b l e  t o  some e x t e n t  d u r i n g  most o f  t h e  s e a s o n ,  t h e  B e r n e r s  
R i v e r  s t o c k  was c h a r a c t e r i s t i c a l l y  l a t e  i n  m i g r a t o r y  t i m i n g  t o  a l l  f i s h e r i e s .  
It peaked i n  t h e  t r o l l  f i s h e r y  d u r i n g  l a t e  August t h r o u g h  mid-September ( F i g u r e  
4; Appendix B . 1 ) .  The a v e r a g e  p e r i o d  of  g r e a t e s t  h a r v e s t  (more t h a n  10% p e r  
week) o c c u r r e d  d u r i n g  approx imate ly  August 17 - September 13,  w h i l e  t h e  peak 
weekly h a r v e s t  o c c u r r e d  a t  t h e  b e g i n n i n g  of  September.  On t h e  a v e r a g e ,  t h e  t r o l l  
h a r v e s t  o f  a l l  coho salmon s t o c k s  combined peaked d u r i n g  l a t e  J u l y  and  had 
d e c l i n e d  s u b s t a n t i a l l y  b e f o r e  t h e  Berners  R i v e r  s t o c k  began t o  peak .  P a r t  of  t h e  
r e a s o n  f o r  t h e  d e c l i n e  i n  t o t a l  t r o l l  c a t c h  and t h e  low c a t c h  of  B e r n e r s  R i v e r  
f i s h  d u r i n g  e a r l y  t o  mid-August was implementa t ion o f  a n n u a l  10-day t r o l l  
c l o s u r e s  d u r i n g  t h a t  p e r i o d  s i n c e  1980. 

The Ford A r m  Lake s t o c k  was c h a r a c t e r i z e d  by r e l a t i v e l y  p r o t r a c t e d  t i m i n g  i n  t h e  
t r o l l  f i s h e r y  wi th  s i g n i f i c a n t  weekly c a t c h e s  o c c u r r i n g  from t h e  f i r s t  week o f  
J u l y  t h r o u g h  t h e  f i r s t  week of September ( F i g u r e  4 ;  Appendix B . 2 ) .  

Hugh Smith Lake coho salmon were a v a i l a b l e  t o  t h e  Alaska t r o l l  f i s h e r y  f rom l a t e  
J u n e  t h r o u g h  t h e  end  o f  t h e  season  on 20 September d u r i n g  1982-1990 ( F i g u r e  5; 
Appendix B . 3 ) .  The peak t y p i c a l l y  o c c u r r e d  i n  mid t o  l a t e  August .  S i g n i f i c a n t  
d i f f e r e n c e s  e x i s t e d  i n  t h e  t i m i n g  of  t h e  Hugh Smith Lake s t o c k  i n  i n t e r m e d i a t e  
and o u t e r  c o a s t a l  a r e a s  compared wi th  i n s i d e  w a t e r s .  I n  t h e  N o r t h e a s t ,  Northwest  
and Southwest  Q u a d r a n t s ,  it underwent s i g n i f i c a n t  h a r v e s t  from mid-July t h r o u g h  
e a r l y  September,  w i t h  a  peak c o n t r i b u t i o n  i n  l a t e  August ( F i g u r e  6; Appendix 
B . 4 ) .  However, i n  i n s i d e  w a t e r s  of  s o u t h e r n  S o u t h e a s t  ( S o u t h e a s t  Q u a d r a n t ) ,  i t  
d i s p l a y e d  s u b s t a n t i a l l y  l a t e r  t i m i n g  compared wi th  t h e  t o t a l  t r o l l  h a r v e s t  o f  
coho salmon ( F i g u r e  6; Appendix B.5) . I n  t h e  S o u t h e a s t  Q u a d r a n t ,  t h e  Hugh Smith 
Lake s t o c k  was most h e a v i l y  h a r v e s t e d  d u r i n g  t h e  l a s t  week o f  August t h r o u g h  t h e  
second  week of  September,  whi le  t h e  t o t a l  c a t c h  of a l l  s t o c k s  peaked d u r i n g  t h e  
second  h a l f  o f  J u l y .  



Survival Rates 

The e s t i m a t e d  s u r v i v a l  r a t e  f o r  Hugh Smith Lake s m o l t s  t h a t  o u t m i g r a t e d  i n  1982- 
89 a v e r a g e d  1 0 . 7 %  w i t h  a  r a n g e  o f  4.2-19.1% (Tab le  1 4 ) .  I f  it i s  i n d i c a t i v e  o f  
o t h e r  sys tems ,  t h e  h i g h  d e g r e e  o f  v a r i a b i l i t y  o b s e r v e d  i n  s m o l t  s u r v i v a l  r a t e s  
a t  Hugh Smith  Lake may b e  s u f f i c i e n t  t o  e x p l a i n  t h e  m a j o r i t y  of t h e  v a r i a b i l i t y  
i n h e r e n t  i n  r e t u r n s  and  c a t c h e s  of coho salmon i n  s o u t h e r n  S o u t h e a s t .  

S u r v i v a l  r a t e  e s t i m a t e s  f o r  p redominan t ly  a g e  1 +  r e a r i n g  j u v e n i l e s  t a g g e d  a t  t h e  
B e r n e r s  R i v e r  d u r i n g  t h e  second  h a l f  o f  J u n e  have  a v e r a g e d  5 .3% ( r a n g e  2.9-8.8%) . 
Ford  A r m  Lake r e a r i n g  j u v e n i l e s  t a g g e d  d u r i n g  J u l y  and  August  have  e x p e r i e n c e d  
h i g h  s u r v i v a l  r a t e s  r a n g i n g  f rom 6.0-14.4% and  a v e r a g i n g  9 . 5 % .  

Smol t s  t h a t  w e r e  c a p t u r e d  i n  t r o u g h  t r a p s  i n  t h e  B e r n e r s  R i v e r  i n  1989 s u r v i v e d  
a t  a n  e s t i m a t e d  r a t e  o f  1 9 . 8 % .  F i s h  f rom t h e  same o u t m i g r a n t  y e a r  t h a t  w e r e  
t a g g e d  a s  p r e s m o l t s  i n  1988 s u r v i v e d  a t  a n  e s t i m a t e d  r a t e  o f  8 . 8 % .  T h i s  s u g g e s t s  
a  f r e s h w a t e r  s u r v i v a l  r a t e  d u r i n g  t h e  11 month p e r i o d  f rom l a t e  J u n e  1988 u n t i l  
l a t e  May 1989 of abou t  44%. F i s h  t h a t  were c a p t u r e d  i n  minnow t r a p s  i n  s p r i n g  
1989 a n d  i d e n t i f i e d  a s  s m o l t s  b a s e d  on v i s u a l  c h a r a c t e r i s t i c s  s u r v i v e d  a t  a n  
e s t i m a t e d  r a t e  o f  20 .5% which was s l i g h t l y  h i g h e r  t h a n  t r o u g h  t r a p  s m o l t s .  F i s h  
f rom t h e  same c a t c h e s  t h a t  d i d  n o t  have  s t r o n g  smol t  c h a r a c t e r i s t i c s  r e t u r n e d  a t  
a  r a t e  of  13 .1% i n  1989, s u g g e s t i n g  t h a t  a  l a r g e  p r o p o r t i o n  were s m o l t s  d e s p i t e  
t h e i r  a p p e a r a n c e .  

Smolt Estimates 

Dur ing  1983-1990, t o t a l  coho smol t  e s t i m a t e s  f o r  Hugh Smith  Lake a v e r a g e d  31,046 
( r a n g e  21,878-51,789) .  Annual e s t i m a t e s  w i t h  c o n f i d e n c e  l i m i t s  a r e  shown i n  
T a b l e  1 5 .  Hugh Smith Lake s m o l t s  w e r e  p redominan t ly  a g e  2 . 0  ( a v e r a g e  5 9 . 6 % )  
w h i l e  a g e s  3 . 0  and  1 . 0  were a l s o  i m p o r t a n t  a t  24 .5% and  1 5 . 1 % ,  r e s p e c t i v e l y  
( T a b l e  1 6 ) .  Age 4.0 and  5 . 0  s m o l t s  were p r e s e n t  b u t  uncommon. Smolt  m i g r a t i o n  
e s t i m a t e s  b y  y e a r  o f  m i g r a t i o n  a r e  shown i n  T a b l e s  1 7 .  The e s t i m a t e d  s m o l t  
m i g r a t i o n  by b r o o d  y e a r  was 33,351 f o r  1981, 23,822 f o r  1982, 28 ,983  f o r  1983 and  
29,548 f o r  1984 (Tab le  1 8 ) .  The smol t  e s t i m a t e  f o r  t h e  1985 b r o o d  y e a r  
( e x c l u d i n g  a g e  5 .0  m i g r a n t s )  was 24,988,  w h i l e  t h e  smol t  e s t i m a t e  f o r  t h e  1986 
b rood  y e a r  ( e x c l u d i n g  a g e  4.0 and 5 .0  m i g r a n t s )  was 23,480.  

The s m o l t  m i g r a t i o n  from t h e  B e r n e r s  R i v e r  i n  1989 was e s t i m a t e d  a t  164,357 f i s h  
(95% C .  I .  123,645-205,069) . The a g e  compos i t ion  o f  m i g r a n t s  c a p t u r e d  f rom l o w e r  
r i v e r  ponds was 35 .6% a g e  1 . 0 ,  60 .9% a g e  2 .0 ,  and  3 . 5 %  a g e  3 . 0  (11-603). 

The 1990 s m o l t  m i g r a t i o n  from t h e  B e r n e r s  R i v e r  was e s t i m a t e d  a t  141,176 f i s h  
(95% C .  I .  126,291-156,061) . The a g e  compos i t ion  o f  m i g r a n t s  c a p t u r e d  f rom l o w e r  
r i v e r  ponds  was 23.8% a g e  1 . 0 ,  74 .3% a g e  2 . 0 ,  1 . 8 %  a g e  3 . 0  a n d  0 . 1 %  a g e  4.0 
(n=869) .  



DISCUSSION 

A p r i m a r y  o b j e c t i v e  o f  t h e  i n d i c a t o r  s t o c k  program h a s  been t o  t r a c k  h a r v e s t  
r a t e s ,  p a r t i c u l a r l y  i n  t h e  more mixed-stock f i s h e r i e s  s u c h  a s  t h e  t r o l l  f i s h e r y .  
H a r v e s t  r a t e  e s t i m a t e s  f o r  t h e  t h r e e  i n d i c a t o r  s t o c k s  by t h e  Alaska  t r o l l  f i s h e r y  
f o l l o w e d  a  s t a b l e  t r e n d  from 1982-90, w i t h  a n  o v e r a l l  a v e r a g e  o f  45%.  The 
s t a b i l i t y  o f  t r o l l  h a r v e s t  r a t e s  r e f l e c t s  a  c o n s i s t e n t  management p a t t e r n .  
Except  i n  1988, t h e  t r o l l  f i s h e r y  was conduc ted  f rom e a r l y  J u l y  t h r o u g h  September  
20 w i t h  o n l y  a  s i n g l e  10-day c l o s u r e  d u r i n g  l a t e  J u l y  o r  August .  The a v e r a g e  
t r o l l  h a r v e s t  r a t e  r e a c h e d  a  low of  38% i n  1988 when 1 3  a d d i t i o n a l  d a y s  o f  
region-wide c l o s u r e s  w e r e  added t o  p r o t e c t  a  v e r y  weak o v e r a l l  r e t u r n ,  a n d  
s o u t h e r n  S o u t h e a s t  remained c l o s e d  t h r o u g h o u t  September .  

Average t o t a l  h a r v e s t  r a t e  e s t i m a t e s  f o r  t h e  t h r e e  i n d i c a t o r  s t o c k s  w e r e  56% f o r  
t h e  o u t e r  c o a s t a l  s t o c k  (Ford  A r m  Lake) ,  66% f o r  t h e  s o u t h e r n  i n s i d e  s t o c k  (Hugh 
Smith L a k e ) ,  and  75% f o r  t h e  Lynn Cana l  s t o c k  ( B e r n e r s  R i v e r ) .  

The q u e s t i o n  of  what h a r v e s t  r a t e s  a r e  optimum f o r  coho s t o c k s  i s  c e n t r a l  t o  
improvement of  management o f  mixed s t o c k  f i s h e r i e s  where s t r i c t  escapement  
management i s  n o t  f e a s i b l e .  There  i s  e v i d e n c e  t h a t  h a r v e s t  r a t e s  o v e r  75% a r e  
e x c e s s i v e  f o r  some g roups  o f  w i l d  s t o c k s .  Under e x p l o i t a t i o n  r a t e s  o f  75-80%, 
b o t h  e scapements  and c a t c h e s  o f  coho s t o c k s  i n  Georgia  S t r a i t ,  B r i t i s h  Columbia 
have  undergone a  long- term d e c l i n e  s i n c e  t h e  e a r l y  1970 ' s  t h a t  h a s  been 
a t t r i b u t e d  t o  o v e r - f i s h i n g  (Canada Department o f  F i s h e r i e s  a n d  Oceans 1 9 9 0 ) .  
Based on t h e  c u r r e n t  t r e n d  f o r  Georgia  S t r a i t  s t o c k s ,  s u p p o r t e d  b y  s i m u l a t i o n  
mode l ing  w i t h  a  coho p r o d u c t i o n  model f o r  t h e  C a r n a t i o n  Creek s t o c k ,  Canadian  
r e s o u r c e  p l a n n e r s  a r e  recommending t h a t  t h e  t o t a l  h a r v e s t  r a t e  b e  r e d u c e d t o  65- 
7 0 % .  S t u d i e s  o f  t e n  S o u t h e a s t  Alaska  s t o c k s  i n  t h e  e a r l y  1980 ' s  ( S h a u l  e t  a l .  
I n  P r e s s )  i n d i c a t e d  t h a t ,  w h i l e  h a r v e s t  r a t e s  v a r i e d  s u b s t a n t i a l l y  by 
g e o g r a p h i c a l  a r e a ,  t h e  o v e r a l l  h a r v e s t  r a t e  a v e r a g e d  abou t  60%.  The upward t r e n d  
i n  c a t c h e s  o f  w i l d  s t o c k s  i n  S o u t h e a s t  Alaska  s i n c e  t h e  e a r l y  1980 ' s  s u g g e s t s  
t h a t  t h i s  h a r v e s t  r a t e  i s  s u s t a i n a b l e .  U n t i l  f u r t h e r  i n f o r m a t i o n  on s t o c k  
p r o d u c t i v i t y  i s  a v a i l a b l e ,  I recommend an upper  l i m i t  o f  70% a s  a  g u i d e l i n e  f o r  
s t o c k s  t h a t  a r e  h a r v e s t e d  e n t i r e l y  by mixed-stock f i s h e r i e s .  Recent  h a r v e s t  
r a t e s  o f  o v e r  80% f o r  t h e  Hugh Smith Lake s t o c k  r a i s e  c o n c e r n  a b o u t  t h e  p o t e n t i a l  
f o r  o v e r - e x p l o i t a t i o n  o f  s o u t h e r n  i n s i d e  s t o c k s .  E s t i m a t e s  f o r  1989 a n d  1990 
were 82% a n d  81%, r e s p e c t i v e l y ,  compared wi th  52-66% ( a v e r a g e  62%) i n  1982-88. 
I f  t h i s  t r e n d  c o n t i n u e s ,  it w i l l  i n d i c a t e  a  need f o r  more c o n s e r v a t i v e  management 
o f  d i r e c t e d  f i s h e r i e s  f o r  coho salmon t h a t  h a r v e s t  s o u t h e r n  i n s i d e  s t o c k s .  I t  
a l s o  p o i n t s  o u t  t h e  need f o r  a d d i t i o n a l  coded-wire t a g g e d  i n d i c a t o r  s t o c k s  a n d  
a  s t r o n g  escapement  a s sessment  program f o r  t h i s  i m p o r t a n t  s t o c k  g r o u p .  

The h i g h  a v e r a g e  h a r v e s t  r a t e  e s t i m a t e  ( 7 5 % )  f o r  t h e  B e r n e r s  R i v e r  s t o c k  i s  of  
less c o n c e r n  because  a  l a r g e  p r o p o r t i o n  of t h e  h a r v e s t  o f  Lynn C a n a l  s t o c k s  
o c c u r s  i n  a  semi - t e rmina l  f i s h e r y  where abundance o f  t h i s  s p e c i f i c  s t o c k  g r o u p  
can  b e  a s s e s s e d  andmanaged  f o r  in-season u s i n g  a  h i s t o r i c a l  f i s h e r y  pe r fo rmance  
d a t a  b a s e .  Escapement r a t h e r  t h a n  h a r v e s t  r a t e  i s  a  more a p p r o p r i a t e  management 
o b j e c t i v e  f o r  s t o c k s  i n  Lynn Canal  and t h e  Taku R i v e r .  P r i o r i t i e s  f o r  f u r t h e r  
a s s e s s m e n t  p r o j e c t s  f o r  n o r t h e r n  i n s i d e  s t o c k s  s h o u l d  f o c u s  on e s t i m a t i n g  
escapement  i n  t h e  l a r g e s t  p roduc ing  sys tems  i n c l u d i n g  t h e  C h i l k a t  a n d  Taku 
R i v e r s .  



The effect that variations in drift gill net fishery removal rates can have on 
escapements in Lynn Canal is apparent when comparing the 1986 and 1989 returns. 
Total return estimates in 1986 and 1989 were 24,635 and 19,688, respectively, 
while the troll fishery harvest rates were close to the same at 55.1% and 53.4%. 
However, drift gill net removal rates were estimated at 0.836 in 1986 and 0.155 
in 1989, while resulting escapements were 1,752 and 7,509, respectively. 

A second major objective of the indicator stock program has been to investigate 
the relationship between escapement and yield, and to better determine an 
appropriate level of exploitation for wild coho stocks. At Hugh Smith Lake, five 
years of age-. 1 coho salmon escapements ranging from 903 to 2,144 produced a 
narrow range of estimated smolt migrations (23,480-29,548) . No relationship 
between escapement and smolt production was evident from visual interpretation 
of this limited data. Smolt production estimates for the relatively low 1988 and 
1989 escapements of 513 spawners and 424 spawners, respectively, may help better 
define the relationship between escapement and resultant production. 

Recent results continue to support earlier conclusions about the relative 
stability of coho production from some lake systems and the important effect of 
marine survival rates on adult production (Shaul et al. In Press) . Determination 
of spawner-recruit relationships for the Hugh Smith Lake stock and the other 
indicator stocks will require several more years of production estimates from a 
broader range of escapements. 
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T a b l e  1. Number of B e r n e r s  River coho salmon tagged by year, type and t ag  
code, 1972-91 .  

Y e a r  T y p e  C o d e  Number  M a r k e d  

1 9 7 2  P r e s m o l t  

P r e s m o l t  

1 9 7 7  P r e s m o l t  

1 9 8 0  P r e s m o l t  

F l u o r e s c e n t  
p i g m e n t  

3 8 0  
1 0 , 7 5 8  

T o t a l  1 1 , 1 3 8  

1 0 , 1 4 5  
7 8 0  

T o t a l  1 0 , 9 2 5  

1 9  8  1 P r e s m o l t  4-19-21 7 , 8 2 6  

P r e s m o l t  

1 9 8 4  P r e s m o l t  

9; 0 7 0  
T o t a l  1 0 , 3 4 8  

4 , 4 9 9  
1 0 , 8 2 7  

T o t a l  1 5 , 3 2 6  

1 9 8 5  P r e s m o l t  4-24-46 1 0 , 1 1 0  

1 9 8 6  P r e s m o l t  4-2 3-0 5  8 , 7 4 0  

1 9 8 7  P r e s m o l t  4-26-56 1 0 , 3 4 9  

1 9 8 8  P r e s m o l t  4-29-42 9 , 9 2 6  

1 9 8 9  S m o l t  ( t r o u g h  t r a p )  4-2 9-27 
S m o l t  (minnow t r a p )  4-2 9-2 3  
Mixed (minnow t r a p )  4-2 9-2 6  

S m o l t  ( t r o u g h  t r a p )  4-26-62 
S m o l t  ( t r o u g h  t r a p )  4-29-31 
S m o l t  ( t r o u g h  t r a p )  4-31-05 
M i x e d  (minnow t r a p )  4-26-61 

6 , 4 3 8  
1 , 0 2 1  
5 , 6 6 0  

T o t a l  1 3 , 1 1 9  

2;  7 8 1  
T o t a l  2 6 , 3 7 9  

1 9 9 1  S m o l t  ( t r o u g h  t r a p )  4-2 9-44 2 1 , 4 5 6  
S m o l t  (minnow t r a p )  4-31-0 6  1 , 4 1 4  
Mixed (minnow t r a p )  4-31-10 3 , 6 6 9  

T o t a l  2 6 , 5 3 9  



Table 2 .  Number of presmolt  coho salmon tagged a t  Ford Arm Lake by year  and 
code ,  1980-91. 

Year Code Number Marked 

4  4  4  
T o t a l  6 ,369  

2; 012 
T o t a l  6 ,926  

5 ,629  
T o t a l  7 , 6 6 2  

1 , 4 5 9  
T o t a l  1 2 , 5 6 7  



Table 3. Number of coho salmon coded-wire tagged at Hugh Smith Lake by year, 
type and code, 1980-91. 

Number 
Tagged Year Code 

Presmolt 

Smolt 
Presmolt 3,737 

Total 6,514 

Smolt 
Smolt 7 0 0 

Total 5,573 

Smolt 
Smolt 
Smolt 

2,489 
1,289 
5,869 

Total 9,647 

Smolt 
Smolt 
Smolt 9,944 

Total 16,747 

Smolt 
Smolt 
Smolt 1,379 

Total 9,833 

Smolt 

Smolt 

Smolt 

Smolt 

10,187 
919 

Total 11,106 

Smolt 
Smolt 

Smolt 
Smolt 1,201 

Total 13,269 



T a b l e  4. E s t i m a t e d  h a r v e s t  a n d  p e r c e n t  by g e a r  t y p e ,  escapement ,  and t o t a l  r e t u r n  of coho salmon 
r e t u r n i n g  t o  t h e  B e r n e r s  R i v e r ,  1982, 1983 and  1985-1990. 

H a r v e s t :  Number o f  f i s h  and  p e r c e n t  by q e a r  t y p e  
F i s h e r y  
Sample P u r s e  D r i f t  T o t a l  T o t a l  

Year S i z e "  T r o l l  S e i n e  G i l l  N e t  S p o r t  Ca tch  Escapement Re turn  

Average Number 
o f  F i s h  11,638 66 6,492 129 18,325 6,226 24,551 

Average P e r c e n t  
o f  T o t a l  

I n c l u d e s  o n l y  expandable  random r e c o v e r i e s .  

E s t i m a t e d  t r o l l  c a t c h  i n  1987 i n c l u d e s  242 f i s h  (1.7%) h a r v e s t e d  i n  t h e  n o r t h e r n  B r i t i s h  Columbia 
t r o l l  f i s h e r y .  The e s t i m a t e d  a v e r a g e  number and  p e r c e n t  h a r v e s t e d  i n  t h e  S o u t h e a s t  Alaska  t r o l l  
f i s h e r y  was 11,608 (47.5%) . 



Table 5. Estimated harvest and percent by gear type, escapement, and total 
r e t u r n  of coho salmon r e t u r n i n g  t o  Ford A r m  Lake, 1982,  1 9 8 3  and  
1985-1990.  

H a r v e s t :  Number of  f i s h  and p e r c e n t  by q e a r  t y p e  
F i s h e r y  
sample- P u r s e  T o t a l  T o t a l  

Year S i z e a  T r o l l  S e i n e  Catch Escapement R e t u r n  

Average Number 
o f  F i s h  2,674 190  2 ,864  2 ,196 5,060 

Average P e r c e n t  
o f  T o t a l  5 2 . 4  3 . 4  55 .8  44 .2  1 0  0  

a I n c l u d e s  o n l y  expandable  random r e c o v e r i e s .  

E s t i m a t e d  t r o l l  c a t c h  i n  1 9 8 8  i n c l u d e d  30 f i s h  ( 0 . 5 % )  h a r v e s t e d  i n  t h e  
n o r t h e r n  B r i t i s h  Columbia t r o l l  f i s h e r y .  The e s t i m a t e d  a v e r a g e  number and 
p e r c e n t  h a r v e s t e d  i n  t h e  S o u t h e a s t  Alaska t r o l l  f i s h e r y  was 2 , 6 7 1  ( 5 2 . 3 % ) .  



T a b l e  6 .  E s t i m a t e d  h a r v e s t  and  p e r c e n t  by g e a r  t y p e ,  e scapemen t ,  and  t o t a l  r e t u r n  o f  coho  sa lmon r e t u r n i n g  t o  
Hugh Smi th  Lake,  1982-1990. 

H a r v e s t :  Number o f  f i s h  and  p e r c e n t  by q e a r  t y p e  
F i s h e r y  
Sample A laska  A l a s k a  A l a s k a  Alaska  A l a s k a  B.C. B.C. T o t a l  T o t a l  

Year S i z e '  T r o l l  S e i n e  G i l l N e t  T rap  S p o r t  T r o l l  Net Ca tch  Escapement Re tu rn  

Average Number 
o f  F i s h  1 , 3 2 8  399 27 9 11  9 280 38 2,344 1 ,184 3 ,528 

Average P e r c e n t  
o f  T o t a l  36.4 1 1 . 5  8 . 3  0 . 3  0 . 3  8 . 3  1 . 1  66 .2  3 3 . 8  100 

I n c l u d e s  o n l y  e x p a n d a b l e  random r e c o v e r i e s .  



Table 7. Estimated harvest rates for three coded-wire tagged indicator 
s t o c k s  by t h e  Alaska  t r o l l  f i s h e r y  and by a l l  f i s h e r i e s  combined, 
1982-90. 

Alaska  T r o l l  F i s h e r y  

Year 
B e r n e r s  

R i v e r  

S tock  ( T r o l l  Harves t  Ra te  i n  P e r c e n t )  

Ford  A r m  Hugh Smith  
Lake Lake Average 

Average 47 .5  5 2 . 3  37 .5  44.9 

A l l  F i s h e r i e s  

Year 
B e r n e r s  

R i v e r  

S tock  ( T o t a l  Harves t  R a t e  i n  P e r c e n t )  

Ford  A r m  Hugh Smith  
Lake Lake Average 

Averag 

The a v e r a g e  f o r  1984 i s  we igh ted .  The e s t i m a t e  f o r  t h e  Hugh Smith  Lake 
s t o c k  i n  1984 was d i v i d e d  by i t s  a v e r a g e  p r o p o r t i o n a l  c o n t r i b u t i o n  t o  t h e  
sum of  e s t i m a t e s  f o r  a l l  t h r e e  sys tems  d u r i n g  1982-83 and  1985-90. Tha t  
number was t h e n  d i v i d e d  by t h e  number of  s t o c k s  ( 3 )  t o  g e t  a  w e i g h t e d  
a v e r a g e  f o r  1984 t h a t  i s  more comparable w i t h  o t h e r  y e a r s  t h a n  a s i m p l e  
a v e r a g e .  



Table 8. Estimated removal rate by fishery for coho salmon returns to the 
B e r n e r s  R i v e r ,  1 9 8 2 ,  1 9 8 3  a n d  1 9 8 5 - 1 9 9 0 .  

T r o l l  and M a r i n e  115 G i l l  N e t  a n d  G r a n d  
Y e a r  P u r s e  S e i n e  S p o r t  G i l l  N e t  S p o r t  T o t a l  T o t a l  

- 

A v e r a g e  0 . 4 8 0  0 . 0 1 0  0 . 5 1 3  0 . 5 2 2  



Table 9. Estimated removal rate by area for coho salmon returns to Hugh Smith 
Lake, 1982-1990. 

Outside and Northern Grand 
Year In te rmedia te  B . C .  To ta l  In s idea  T o t a l  

Average 0.346 0.094 0.441 0.404 0.662 
- - -  

" I n s i d e  a r e a  i nc ludes  D i s t r i c t s  101, 102, 105, 106, 107 and 108. 



Table 10.  Estimated harvest distribution of Berners River coho salmon by area and gear type, 1982, 
1983, and 1985-1990.  

Year (Percent) 
Gear 

Area Type 1 9 8 2  1983 1985 1 9 8 6  1 9 8 7  1 9 8 8  1 9 8 9  1 9 9 0  ~ v g .  

P. W. Sound Gill Net 0.0 0.0 0 .0  0.0 0.0 

Northern Outside Troll 20.3 29.6 1 8 . 3  28.4 16 .9  

Central Outside Troll 3.7  11.7 1 5 . 5  15.7 1 3 . 9  

Southern Outside Troll 0 . 0  0 .0  0.0 0.0 0.0 
0 .0  0 .0  0 .0  0.0 0 . 0  Seine - - - - - 

Total 0 . 0  0 .0  0 .0  0.0 0.0 

Central Troll 35.6  2 6 . 9  23.3 7.7 2 2 . 9  
Intermediate Seine 0.0  0 .0  1 . 2  0 .0  0 .0  

0 .0  0 .0  0 .0  0.0 0 .0  sport - - - - - 
Total 35.6  26 .9  24.5 7.7 22 .9  

Southern Troll 0.0  1 . 0  0.0 1 .5  0 .0  0 . 0  0.0 1 . 2  0.5 
Intermediate 0.0  0 . 0  0 . 0  0 .0  0 .0  0 .0  0 . 0  0 . 1  0.0 Seine - - - - - - - - - 

Total 0.0 1.0 0 . 0  1 . 5  0.0 0 . 0  0.0 1.3 0.5 

Central Inside Gill Net 0.0 0 .0  0 .0  0.0 0 .0  0 . 0  0.0 0 .3  0.0 

Stephens Passage Sport 0.0 0 . 3  0 .0  2.0 0 .6  0 . 0  0.0 2 . 2  0 .6  
Gill Net 0.0 - 0.0 - 0.0 - 0.0 0.0 - 0 . 0  - 2.6 - 1.3 - 0.5 

Total 0.0  0.3 0.0 2 .0  0.6 0.0 2 . 6  3.5 1.1 

Lynn Canal Troll 0.0  0.0 0.0 0.0 0 .0  0 .0  0 . 0  0.4 0 .0  
GillNet 40.4 30,5 41.7 44.7 42.6 50.2 11.9 32.3 36.8 
Total 40.4 30.5 41 .7  44.7 42.6 50 .2  1 1 . 9  32.7 36 .8  

British Columbia Troll 0.0  0.0 0.0 0 .0  3 . 1  0.0 0 . 0  0.4 0.4 

Grand Total 1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  1 0 0  

Sample Size (Tags) 4 0  98 8  1 1 2 2  32 1 0 3  4  8  3 8 7  



Table 11. Estimated harvest distribution of Ford A r m  Lake coho salmon by area and gear type, 1982, 1983 
and 1985-1 990.  

Area 

-- - - ----- 

Year (Percent) 
Gear 
Type 1982  1 9 8 3  1 9 8 5  1 9 8 6  1987  1 9 8 8  1 9 8 9  1 9 9 0  Avg. 

Northern Outside Troll 

Central Outside Troll 
Seine 

Total 

Southern Outside Troll 
Seine 

Total 

Central 
Intermediate Troll 

Seine 

Total 

Southern 
Intermediate Troll 

Central Inside Troll 

Northern British 
Columbia Troll 

Grand Total 100  100 100  100  100 100  100  1 0 0  1 0 0  

Sample Size (Tags) 3 1 7 1 3 1  65 4  9 132 157  134  



T a b l e  12. E s t i m a t e d  h a r v e s t  d i s t r i b u t i o n  o f  Hugh Smith  Lake coho salmon by a r e a  and g e a r  t y p e ,  1982-1990. 

Area 

Year ( P e r c e n t )  
Gear  
Type 1982 1983 1984 1985 1986 1987 1988 1989 1990 Avg . 

Nor the rn  O u t s i d e  

C e n t r a l  O u t s i d e  

S o u t h e r n  O u t s i d e  

C e n t r a l  In t e rmed .  

S o u t h e r n  I n t e r m e d .  

C e n t r a l  I n s i d e  

S o u t h e r n  I n s i d e  

B r i t i s h  Columbia 

T r o l l  

T r o l l  
S e i n e  

T o t a l  

T r o l l  
S e i n e  

T o t a l  

T r o l l  

T r o l l  
S e i n e  

T o t a l  

T r o l l  
S e i n e  
G i l l  N e t  

T o t a l  

T r o l l  
S e i n e  
G i l l  N e t  
T r a p  
S p o r t  

T o t a l  

T r o l l  
N e t  

T o t a l  

Grand T o t a l  

Sample S i z e  (Tags )  



Table 13. Estimated distribution by quadrant of the Alaska troll catch of 
B e r n e r s  R i v e r ,  Ford  Arm Lake and Hugh Smith Lake coho salmon, 
1982-1990. 

B e r n e r s  R i v e r  

Q u a d r a n t  ( P e r c e n t )  
Number o f  

Y e a r  N o r t h w e s t  N o r t h e a s t  S o u t h w e s t  S o u t h e a s t  T o t a l  R e c o v e r i e s  

Avg . 97.4 2 . 5  0 . 1  0 . 0  1 0  0  

F o r d  A r m  Lake 

Q u a d r a n t  ( P e r c e n t )  
Number of 

Y e a r  N o r t h w e s t  N o r t h e a s t  S o u t h w e s t  S o u t h e a s t  T o t a l  R e c o v e r i e s  

Avg . 98 .3  0 . 3  1 . O  0 . 4  1 0 0  

Hugh S m i t h  Lake 

g u a d r a n t  ( P e r c e n t )  
Number o f  

Y e a r  N o r t h w e s t  N o r t h e a s t  S o u t h w e s t  S o u t h e a s t  T o t a l  R e c o v e r i e s  

Avg . 55 .8  6 . 5  1 8 . 6  1 9 . 1  1 0 0  



Table 14. Estimated survival rates of predominantly age 1t and older wild 
juvenile coho salmon and smolts from the time of tagging until 
entry into the fisheries the following year, 1980-1989. 

Survival Rate 

Year Berners River Ford Arm Lake Hugh Smith Lake 
Tagged Rearing Juveniles Rearing Juveniles Outmigrating Smolts 

Average 5.3% 9.5% 10.7% 



Table 1 5 .  Hugh Smith Lake coho salmon smolt weir counts  and t o t a l  e s t i m a t e s ,  1983-1990. 

S m o l t  Number  R e t u r n s  A d i p o s e  S m o l t  9 5 % C . I .  9 5 % C . I .  
Weir M a r k e d  S a m p l e d  C l i p s  E s t i m a t e  L o w e r  U p p e r  

Y e a r  C o u n t  (M) (c) (R)  (N) V a r i a n c e  B o u n d  B o u n d  



Table 16. Estimated proportional age composition of Hugh Smith Lake coho 
salmon smolts, 1983-1990. 

Sample 
Year 1.0 2.0 3.0 4.0 5.0 Size 

Average 0.1513 0.5962 0.2446 0.0073 0.0006 



Table 17. Estimated coho salmon smolt migration from Hugh Smith Lake by 
age class ,  1983-1990 .  

-- - 

ASE 

Y e a r  1 . 0  2 . 0  3 . 0  4 . 0  5 . 0  T o t a l  

Avg . 4 , 6 8 8  1 8 , 2 2 8  7 , 8 9 8  2 1 5  1 6  3 1 , 0 4 6  



Table 18. Estimated coho salmon smolt p roduct ion  from Hugh Smi th  Lake and 
pa ren t  escapement by brood year ,  1983-1990. 

Brood 
Aqe 

Year Escapement 1.0 2.0 3.0 4.0 5.0 T o t a l  



1 Berners River 

2 Auke Creek 

3 Ford Arm Lake 

4 Hugh Smith Lake 

Figure 1. Wild coho salmon coded-wire tag indicator stocks in Southeast Alaska. 
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Figure 2. Estimated harvest rates for three coded-wire tagged Southeast Alaska 
coho salmon stocks by the Alaska troll fishery, 1982-90. 

.......................................................... 
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Figure 3. Estimated harvest rates for three coded-wire tagged southeast Alaska 
coho salmon stocks by all fisheries, 1982-90. 



Bemers River (1982,1983 and 1985- 1989) 
0.25 

0 
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Average Mid-Week Date 

Total Troll Catch 

Ford Ann Lake (1982,1983 and 1985-1989) 
0.25 

0 
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Figure 4 .  Average weekly proportion of  the t o t a l  coho salmon t r o l l  catch 
( l i n e  graph) and estimated t r o l l  catch of  coded-wire tagged Berners 
River and Ford Arm Lake coho salmon (bar graph), 1982, 1983 and 
1985-1989. 



Hugh Smith Lake (All Areas) 
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Figure 5 .  Average weekly proportion of the t o t a l  coho salmon t r o l l  catch 
( l i n e  graph) and estimated t r o l l  catch of coded-wire tagged Hugh 
Smith Lake coho salmon (bar graph), 1982-1990. 



Hugh Smith Lake (NW, NE and SW Quadrants) 
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Figure 6 .  Average weekly proportion of  the t o t a l  coho salmon t r o l l  catch 
( l i n e  graph) and estimated t r o l l  catch of coded-wire tagged Hugh 

Smith Lake coho salmon (bar graph) in:  (1)  the Northwest, 
Northeast and Southwest Quadrants and (2) the Southeast Quadrant, 
1982-1990. 
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~ppendix A . 1 .  Southeast Alaska s t a t i s t i c a l  f ishing d i s t r i c t s .  
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Appendix A.2. S t a t i s t i c a l  a reas  of Southeast Alaska belonging t o  P a c i f i c  Marine 
Fisheries Commission (PMFC) areas and quadrants. 

PMFC Area Abbreviation 
Statistical Areas 

(Districts) 

Northern Outside NOUT 

Central Outside COUT 113, 154 

Southern Outside 

Southern Inside 

SOUT 

SIN 

Southern Intermediate SNTR 105, 109, 110 

Central Inside CIN 106, 107, 108 

Stephens Passage STEP 111 

Central Intermediate 

Lynn Canal 

CNTR 

LYNN 

Quadrant Abbreviation 
Statistical Areas 

(Districts) 

Northwest 

Northeast 

Southwest 

Southeast 



Appendix A.3. Statistical weeks used in recording and compiling Southeast Alaska commercial fisheries 
catch data. 

STAT YEARIDATE YEARIDATE YEARIDATE YEARIDATE YEARIDATE YEARIDATE YEARIDATE YEARIDATE - 

WEEK 1983 1984 1985 1986 1987 1988 1989 1990 
1 10101 - 0101 0101 - 0107 0 1 0 1 1 0 5  OlOi'-=-@-Olr41 - 0 1 4 3 0 1 8 1 -  0102 OTbl - 0107 0 1 T ~ ~ ~  
2 0102 - 0108 0108 - 0114 0106 - 0112 0105 - 0111 0104 - 0110 0103 - 0109 0108 - 0114 0107 - 0113 
3 0109 - 0115 0115 - 0121 0113 - 0119 0112 - 0118 0111 - 0117 0110 - 0116 0115 - 0121 0114 - 0120 
4 0116 - 0128 - 0122 0122 0120 - 0126 0119 - OK25 0118 - 0 1 2 4 0 1 1 7  - 0123 0122 - 0128 0121 - 0127 
5 0123 - 0129 0129 - 0204 0127 - 0 2 0 2 ~ ~ ( i 2 0 1 8 1 1 1 1  0124101306123Z02V4~-0;i~ 
6 0130 - 0205 0205 - 0211 0203 - 0209 0202 - 0208 0201 - 0207 0131 - 0206 0205 - 0211 0204 - 0210 
7 0206 - 0212 0212 - 0218 0210 - 0216 0209 - 0215 0208 - 0214 0207 - 0213 0212 - 0218 0211 - 0217 
8 0213 - 0219 0219 - 0225 0217 - 0223 0216 - 0222 0215 - 0221 0214 - 0220 0219 - 0225 0218 - 0224 -- - -- - - -- 
9 0220 - 0226 0226 - 0303 0224 - 0302 0223 - 0 3 8 1 3 2 F 8 2 2 8 ~ 2 2 l T V f L 2 7 T 2 2 ~ 3 O - - 2 - 0 3 0 5  

10 0227 - 0305 0304 - 0310 0303 - 0309 0302 - 0308 0301 - 0307 0228 - 0305 0305 - 0311 0304 - 0310 
11 0306 - 0312 0311 - 0317 0310 - 0316 0309 - 0315 0308 - 0314 0306 - 0312 0312 - 0318 0311 - 0317 

0313 - 0319 0318 - 0 3 2 9 0 3 1 7  - 0323 0316 - 0322 0315 - 0321 0313 - 0319 0319 - 0325 0318 - 0324 -1 2 -  - -  - 
13 0320 - 0326 0325 - 0331 0324 - 0 3 f 0 O 5 2 ~ 3 1 2 9 1 7 3 3 ~ f 2 8 3 ~ 3 2 6 0 3 2 6 - 6 4 8 1 0 3 2 5 - 0 3 3 ~  
14 0327 - 0402 0401 - 0407 0331 - 0406 0330 - 0405 0329 - 0404 0327 - 0402 0402 - 0408 0401 - 0407 
15 0403 - 0409 0408 - 0414 0407 - 0413 0406 - 0412 0405 - 0411 0403 - 0409 0409 - 0415 0408 - 0419 

I 
16 0410 - 0421 - 0416 0415 0414 - 0420 0413 - 0419 0412 - 0418 0410 - 0416 0416 - 0422 0415 - 0421 

P 17 0417 - 0423 0422 - 0428 0421 - 0427 0420 - 0 4 2 6 T T I T P 4 2 5  0 4 1 7 0 3 2 3 3 K ? 3  - 042922-&2& 
CO 
I 

18 0424 - 0430 0429 - 0505 0428 - 0504 0427 - 0503 0426 - 0502 0424 - 0430 0430 - 0506 0429 - 0505 
19 0501 - 0507 0506 - 0512 0505 - 0511 0504 - 0510 0503 - 0509 0501 - 0507 0507 - 0513 0506 - 0512 - 0514 20 0508 0513 - 0519 0512 - 0518 0511 - 0517 0510 - 0516 0508 - 0514 0514 - 0520 0513 - 0519 
2 1 0515 - 0521 0520 - 0526 0519 - 0525 0518 - 052405f7-052335i570521 0521 - 0527 0 5 2 0 7 3 2 6  



Appendix B.1. Est imated weekly propor t ion  of the t o t a l  t r o l l  catch of coded-wire tagged 
Berners  River  coho salmon, 1982, 1983 and 1985-1990. 

S t a t .  
Week 

2 5 
2 6 
2 7 
2 8 
2 9 
3 0 
3 1 
3 2 
3 3 

Year - 
1986 1987 

0.0000 0.0000 
0.0000 0.0000 
0.0647 0.0000 
0.0199 0.0000 
0.1329 0.0000 
0.0791 0.1037 
0.0245 0.1108 
0.0592 0.0513 
0.0181 0.0000 

- - 

Average 

0.0000 
0.0000 
0.0081 
0.0129 
0.0210 
0.0566 
0.0516 
0.0447 
0.0365 

T o t a l  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1 .OOOO 1.0000 

Sample 25 7 7 50 8 7 4 3 6 3 4 9 30 3 



Appendix B.2. Estimated weekly proport ion of t h e  t o t a l  t r o l l  ca tch  of coded-wire tagged 
Ford Arm Lake coho salmon, 1982 ,  1 9 8 3  and 1985-1990.  

Year - 
S t a t .  
Week  1982 1 9 8 3  1 9 8 5  1986 1987 1988  1 9 8  9  1990  Average 

2  5  0 .0000  0 .0000  0 .0000  0 .0000  0 .0000  0 .0000  0.0000 0 . 0 0 0 0  0 . 0 0 0 0  
2  6  0 . 0 0 0 0  0 . 0 0 0 0  0 .0000  0 . 0 1 0 6  0 .0484  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0.0074 
2  7  0 . 0 0 0 0  0 .0000  0.4280 0 .1164  0 .0613  0 .0092  0 . 0 0 7 1  0 . 0 0 0 0  0 .0777  
2  8  0 .0000 0 .1662  0 .0429  0 .1967  0 .0682  0 . 0 2 7 8  0 .0000  0 . 0 9 2 3  0 . 0 7 4 3  
2  9  0 .1584  0 . 1 3 2 6  0 . 0 2 0 5  0 .1584  0 . 0 8 4 3  0 .0608  0 .0520  0 . 1 7 6 5  0.1054 
30 0 .0844  0 . 1 3 7 6  0 .0752  0 .1347  0 .1918  0 . 1 0 8 1  0 .1084  0 . 0 7 3 7  0 . 1 1 4 2  
3  1 0 . 1 0 0 6  0 . 1 7 7 5  0 . 0 3 8 5  0 . 0 8 2 8  0.1094 0 . 0 2 7 8  0 .1209  0 . 1 9 9 4  0 .1071  
32 0 . 0 0 0 0  0 . 1 0 2 5  0 .0546  0 . 1 5 5 8  0 .1500  0 .0000  0 . 1 8 9 9  0 . 2 1 1 6  0 .1080  
3  3  0 .2394  0 .0157  0 . 1 0 0 3  0 . 0 6 1 1  0 .0509  0 .1464  0.1044 0 . 1 3 3 2  0 .1064  
34 0 . 1 2 3 5  0 . 0 8 9 5  0 .0000  0 .0000  0 .1208  0 .1496  0 . 0 6 6 9  0 . 0 0 0 0  0 .0688  
3  5  0 .1020  0 . 0 9 9 1  0 .1660  0 .0297  0 . 0 9 5 5  0 .0000  0 . 2 4 5 5  0 . 0 9 8 1  0 . 1 0 4 5  
3  6  0 .1917  0 . 0 5 6 7  0 . 0 6 7 3  0 .0538  0.0194 0 . 4 2 1 2  0 .0746  0 . 0 0 0 0  0 . 1 1 0 6  
37 0 .0000  0 .0000  0 .0000  0 .0000  0 .0000  0 . 0 4 5 0  0 . 0 1 5 6  0 . 0 1 5 2  0 .0095  
3  8  0 .0000  0 . 0 2 2 6  0 .0067  0 .0000  0 .0000  0 . 0 0 4 1  0 . 0 1 4 8  0 . 0 0 0 0  0.0060 
3  9  0 .0000  0 . 0 0 0 0  0.0000 0 . 0 0 0 0  0 .0000  0 .0000  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  

Total  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 .0000  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  

Sample 37 8  3  4  9  8  5  65  14 8  206  1 5 6  



Append ix  B.3 .  E s t i m a t e d  week ly  p r o p o r t i o n  o f  t h e  t o t a l  t r o l l  c a t c h  o f  coded-wi re  t a g g e d  Hugh 
S m i t h  Lake coho  sa lmon ,  1982-1990. 

Year - 
S t a t .  
Week 1982  1983  1984 1985  198  6  1987 1988  1989 1990  Average  

T o t a l  1 .0000 1 . 0 0 0 0  1 .0000  1 .0000  1 .0000  1 .0000 1 . 0 0 0 0  1 . 0 0 0 0  1 .0000  1 .0000  

Sample  64 107  67 11 4  1 5 5  52 22 6  1 120  



Appendix 8.4 .  Estimated weekly proportion of t h e  t o t a l  t r o l l  ca tch  of coded-wire tagged Hugh 
Smith Lake coho salmon i n  t h e  Northwest ,  N o r t h e a s t  and Southwest  Q u a d r a n t s ,  
1982-1990.  

S t a t .  
Week 

Year - 
198 6 Average 

T o t a l  1.0000 1 .0000  1 .0000 1 .0000 1 .0000 1.0000 1 .0000 1 .0000  1 .0000  1 .0000 

Sample 4 4 7 3 4 4 8  7 1 2 8  4 5 1 8  4 4 9  6 



A p p e n d i x  B .5 .  E s t i m a t e d  w e e k l y  p r o p o r t i o n  o f  t h e  t o t a l  t r o l l  c a t c h  o f  c o d e d - w i r e  t a g g e d  Hugh 
S m i t h  L a k e  c o h o  s a l m o n  i n  t h e  S o u t h e a s t  Q u a d r a n t ,  1 9 8 2 - 1 9 9 0 .  

S t a t .  
Week 

Y e a r  - 
1 9 8  6 1 9 9 0  A v e r a g e  

T o t a l  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  1 . 0 0 0 0  

S a m p l e  2 0  3 4 2 3 2 7 2  7 7 4 1 7  2  4 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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